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TABTE 6J. Comparisons within strains of signatures for E. carotovora var.
etroseptica (ECA) and E. garotovora var. carot ovora (Ecc).

CharacÈers Distinguishing Bet!üeen Treatmenta)

EC,A2

Ar"""b) Trial- 1 Trial 2

ECCl ECC2

Trial 1 Tríal 2 Trial I Trial 2

ECAl

ECCl

ECC3

BG

CGJ

ACDFH

ABCGK

¿

G DFH

CDFH

DFK

BCDFG

PTPAC)

CDF

BCG

ECAl

ECCl

ECC3 G

¿

G

a)-'Characters which differ significantly between the treatments.
b)log peak areas.
c)P"."errtage of total peak areas.
*.'No 

characters significantly different.
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TABLE 6k. PairwÍse comparisons of means of the total
for the disease treatments'

of peak "r""rl)

Pairwise
comparison

TrÍal
# Trmt

I'fean total
íntegrator resPonse t Value

1 ECA

ECC

6.437

6.058

1. 8lN. S

ECA
vs
ECC 2 ECA

ECC

5.37 9

6.037

1.74N.S.

¿&

L ECA

co

6.437

4.813

5.7 B

ECA

vs
co 2 NA

*:k
1_ ECC

co

6.0s8

4.813

4.43

ECC
vs
co 2 NA

^^Significant at the l-7" level.
*'t'*oa significant at the 5% level.

1)-'Log of inLegrator unit values.
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over t,he incubatÍon períod, while ECC increased by a factor of. L4.5%" Over

the entire test period the average volatile output of the ECC treatment was

approximateLy 4.57. greater than the ECA treatments, however, this dÍfference

was not signifícant at tt'e 5% level (Table 6k).

In both trials, alL recorded chromatogram peaks were conmon to the

volaËile profil-es of both E. carotgvoæ varieties (REFERENCE TABLE C). A

number of compounds comnon Ëo the diseased profíles (i.e., 1-propanal/2-

propanone and two unidenÈified compounds with RT of 7.1 and 14.1 rnin) were

noË detected in the volatiLe profíles of the control treatments"

In both ËriaLs, the ECA and ECC treatments could not be differenÈiated

(P = 0.05) on the basis of the mean number of peaks/chromatogram (Table 61).

In Trial 1, the control- treatment produced significantly fewer peaks/chronato-

gran than the ECA (P = 0.01) and ECC treaËments (f = 0"05) (Table 61).

The roean peak areas (LOG1g) and PTPA values for the major peaks in the

chromatograms of the ECC, ECA, and CO treatments are presenËed in Tables 69

and 6h, and the corresponding chronatogram signatures are presented in Table

6rn (see P.EFERENCE TABLE D for peak identification). The metabolites which,

according to the Èest statistics in Tables 69 and 6h, could potentially be

used to differentiate between the treatments Ín the experimenÈal trials are

su,nmarized in Table 6n. In each of the trials there were several conpounds

with peak area and PTPA values which, in theory, could be used Ëo differen-

tiate between the profíles for the E. _g4gtovogl varieties" Again, there was

only mínimal. correspondence between the results in the two experimental trials.

The results !ùere again often compLetely contradictory. In both trials, the

PTPA values for ethanal Ín the ECA profiles were signifícantly greater than

in the ECC profiles.

In Trial I, the control and ECA treatments could be differentiated on
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TABLE 61. Pairwise comparÍsons of means of the number of peaks/
chromatogram averaged over the incubatíon period for the
disease treatments.

Pairwise
comparison

Tes t
{t TrmË

Mean number
peaks/ chromatogram t Value

1 ECA

ECC

9.78

8. 19

2. lN. S.

ECA
VS
ECC 2 ECA

ECC

7 .25

8. 57

I " 59N. S.

1 ECA

co

9.78

5.7 7

3"9^^

ECA
vs
co 2 NA

ù
1 ECC

co

8. 19

5"77

2,9

ECC

vs
co 2 NA

**

N.S

Significant at the 17. leveI.
J"significant at the 5% level.
'Not significant at the 57" level.
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TABLE 6m. Chromatogram signatures for E. carotovora var.
carotovora (ECC), E. garotovora var. atroseptica (ECA),

and control treatments in Ëúto exPer imental trials.

Trial I

Signaturea) for areasb) Signature for PTPAC)

æ---+=ffi----'ìlçl¡\lçt4v3 ¡\F BrE

'-f
I

I

H, : LECA DGFA EK J BI

ECC D G CB

c0 DKIBAGFEC :hj

H

K E IJ h D CB KA FJ

DBKGAIFCE hj

IE h

TrLaI 2

ECA

ECC

GF CE I JA K E H c AFKIEJDH

c F AGI D BK J H A G K'
I

IIDIEJHc

co NA NA

")p.rk. significanEly (P = 0.05) different from one another
by Duncantã test for ordered means are not enclosed by the
sâme bracket. Traces are given as srnall letters'
b)

Log peak areas.

Percentage of total Peak area.c)
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TABLE 6n. Comparisons between signatures for E' carotovora
var. atroseptica
(ECC), and contr

Characters Distinguishing Between Treatmentsa)

ECC ECA

Areasb) PTPAC) Areas PTPA

ECA ABCG

CFGJ BCG

TriaL 2

ECA ACDFK BCDFK

NA NA

.)Ch"rr"aers which differ significantly between the

treatments.
b)Log peak areas.

")Put".ntage of total Peak areas'
*̂No characters sígnificantLy different'

(EcA), E. -carotovoravar'g@
o1 treatments ín tvJo exPerÍmental trials.

E

*co

NANAco



L34

the basis of production levels of ethanol, the C-4 compounds, L-butanol,

and the unidentífied compound J. In aLL cases, the ECA treatments had sig-

nificantl-y greater compound production levels than the controLs. The PTPA

vaLues for erhanal (co > EcA), ethanol (ECA > CO), and l-butanol (ECA > CO)

were significantly different for the ECA and control treetments. The ECC

and conËrol treatments could not be differentiated on the basis of either

the mean areas or PTPA values of any of the metabolÍtes identified in Èhis

test.

Dif ferentiat ion between ootato culËivars " The mean daily total volatile

output data for the two potaËo cultivars infected with E. caroÊovora bacteria

was calculated by pooling and averaging the data fron all disease treat-

ments for each culËivar. The totaL volatile output of the ínfected rNorlandr

(N) tubers increased by an average of L0% over the incubation period, while

the tRusset Burbankr (R) treatments increased by an average of 23 fold over

their Ínitial levels (Table 6b). Over the entire incubation period, the

average volatile outputs of Ëhe potato culÈivars ttere not significantly

(P = 0.05) different (Aopendix 6a).

AL1 chronatogram peaks were corîmon to the volatile profiles of both

potato cultivars (REFERENCE TABLE C). The cultívar volatile profiles did not

exhibít a signÍficantly (P = 0.05) dífferent mean number of peaks/chromato-

graro (AppendÍx 6b).

The mean peak areas (tOG1g) and PTPA vaLues for the major peaks in the

chromatograms of the Ínfected rNorLandr and tRusset Burbankt tubers were

presented in Table 6h; the corresponding chromatogram signatures were listed

in Table 6o (see REFERENCE TABLE D for peak Ídentification). The netabolites

which, accordíng to the test statistics ín Table 6h, could potentíally be used

to differentiate between the volatiLe profiles of the potato cultivars are
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TABLE 6o. Chromatogram signatures for rNorlandr and tRusset

Burbankr tubers infected wiEh E. carotovora bacteria.

Signaturea) for areasb) Signatures for PT"AC)

t Nor land I 1r xFAC IBJE H ctBI FrKln\.lttG

rRus set
Burbankt c GBIK ADJ EH c B FG A K I D J E': h

")P""k" significantly (P = 0.05) different from one another by

Duncants tãst for ordered means are not enclosed by the same

bracket. Traces are given as small letters'
b)log peak areas.

")P"t""naage of total Peak areas'
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surnrrÉrized ín Table 6p. The profiles of the Potato cultivars could be

differentiated on the basis of the average production 1evels of ethanol,

compound D, the C-4 compounds, and compound K. In all cases, the differences

were due to the greater volatile outPuts of the rRusset Burbankf treatment"

Methanol (R>N) could be used to differentiate between the PTPA values of the

potato cultivars.
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TABLE 6p. Comparisons beEween signatures for tNorland' and
tRusseË Burbankr tubers infected with E. carotovora
bacteria.

Characters Distinguishing Betueen Treatmentsa)

'Russet Burbankr

Ar""rb) PTPAC)

t Norland t CDFK A

a)*'Characters 
which differ significantly between the

treatmenÈs.
b)Log peak areas.

")Put""nËage of total peak areas.
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Experiment 7: EffecÈ of Incubation TemÞerature on VolatiLe Profiles of
Diseased Pot,at oes

Dísease suÍrtrìarv. After 5 days at 22.50 C, the decay of the E . carotovora

infected Ëreatments (Elfl{) had progressed to a point where seepage prevented

further volatile sampling of the incubation bags, The dísease appeared to

develop much more slowly aE g.8o C and there were only minimal indications of

decay at 4.1o C after 7 days. At all three incubation temPeratures, Èhe con-

trol treatments (CO) reuraíned rhealthyt Ehroughout the test period"

E. carotov ora bacteria were isolaËed from the bacterial seePage of the

22.5 and 9.8o C treatments at the end of the test period. At 4.1o C, the

bacteria could only be isolated in the ímmediate vicinity of the inoculation

poinÈs. Tests indicated that both varieties of E. carotovora I¡7ere Present in

all diseased treatments at the end of the test period. Populations of secon-

dary microorganisms tiere minÍrna1 in comparison to the E. carotovora popula-

tions. There $lere no appreciable differences in the diversity of microflora

at the three incubation temPeratures. Yeasts and Staphylococcus were identi-

fied as the predominant secondary microflora.

V 1a í1e rod tion. In all statistical analyses the disease treatment

X íncubation temperature interactions were non-signíficant (P = 0'05)

(AppendÍx 7a and b). The data was pooled accordingly during the discussions

of the main exPerimental variables.

The mean daily total volatile production values for the treatments have

been plotted as exponential functions in Figure 7a, along with the corres-

ponding best-fit regression lines. At tlne 22.50 C incubation temPerature'

the mean daíly volatile production for the Elfi treatment increased by 10x

over Èhe 5 day incubation period (Table 7a). At 9.8 and 4.1o C, the total

volatile production of the Eld( treatmenls increased by factors of 17X and 1"8X'



FIGURE 7a. Dail-y total volatile producLion and corresPonding best-fit
regression lines for a mixed E. carotovora (EM() infection íncubated
at three temPeratures.
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TABLE 7a. Mean relative total peak 
"r"t"l) 

for a mixed E. carotovora
infection incubated at t.hree temperatures.

Incubation Period (DaYs)

1 2 3 4 5 6 7

Díseased 22.5o c

Control 22.50 C

Diseased 9.80 c

Control 9.8o C

Diseased 4.10 C

Control 4.10 C

7 zz"so c

ï 9.Bo c

x 4.10 C

X Diseased

I Control

s.42) 36. 1

6.5

4.4

2.9

7.4

3.1

17.0

9.0

8.2

3.7

5.2

L.6

ro.2

13.3

2.7

23.2

8.0

3.6

18.3

4.9

39 .5

12.5

L2.9

L.7

6.L

6,2

26.0

7.3

6.2

19. 5

6.8

100.0

12,9

L9.4

2,0

4.7

2.6

56.4

10. 7

3.6

4r.4

52 74.8

2.3

7.r

4.0

2

2.6

27.7 38.6

5.8 5.6

7

7

4

I
5

1

8.9

8.0 13. 0

3.6 6.0

5,2 3.4

10.1

4.8

7.L

4.2 5.8

l)roa"l 
peak area of dÍseased 22.50 c at 5 days = 100'

2)V"Ir-ru" = peak area/peak area of diseased 22,50 C aË 5 days X 100'
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respectively, over the 7 day incubation period (Table 7a).

At 22.5o C, the mean daily total volatile output of the controls increased

by 2.3X over the test period (Table 7a). At the oÈher tTrro temPeratures,

volatile outpuÈ by the controls remained relatively sÈable over the test

period.

The regression coeffícients for the exponential equations (Table 7b)

indicated that the total daily volatile production of the El'D( treatments at

22.5 and 9.80 C íncreased exponenÈially over the incubation period.

At each incubatíon ÈemperaÈure the regression equations and their slopes

for the EIO( treatments were sígnificantly different (P = 0.05 or 0.01) (Table

7.). At 22.5 and 9.80 C, the diseased treatments could be dífferentiated

from the corresponding control treatments on the basis of both the regression

slopes (P = 0.05 or 0.01) and the general equations (P = 0.01). At 4.1o C,

the slopes for the diseased and control regression equations were not signi-

ficantly (P = 0.05) different.

The average total peak areas for the El"fl( treatments' pooled for the

three íncubaËÍon temperaÈures, !ùere approximately 9X greater than those for

the controls (Table 7d). ThÍs difference was significanÈ at the 1% level.

AE 22.5o C, the average total peak areas, pooled for the disease and control

treatments, were approximately 2.8X greater than at. g.8o c and approximately

4.4X greater than aE 4.1o C (Table 7e). Only the difference betr.reen the

22.5 and 4.10 C output levels was signíficant at the 57" level.

The mean number of peaks/chromatogram for the EIO( treatments, pooled

for the three incubation temPerat,ures, I¡ras signíficantly (P = 0.01) greater

than for the conÈrols (Table 7f). At 22.50 C, Èhe mean number of peaks/

chronntogram, pooled for the dÍsease and control treatmentsr q¡as significantly

(P = 0.01) greater than aE g.8 and 4.1o C (Table 7g). The 9.8o C incubation
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TABLE 7b. Linear regression equations for the daily total
integrator responses for a mixed E. carotovora infection
íncubated at three temperatures.

Treatment Eguat i on r2

Díseased 22.5o c yl) = e11.93f0 ,56î2) 0. 58**

Control 22.50 C y = ¿L2.00+0.17X

cg. BoControl

0.59N. S.

Diseased 9.80 c Y er1 . 26f0,45X ¿ù
0.65^^

y = e11.35-0.06X 0.10N.S.

Diseased 4.10 c y = el1.93+0.03X o.o1N.S"

Control 4.10 C y = e10.96+0.07X o. 06N. S.

1), = Total integraËor response (integrator units).
2)_'X 

= Incubation period (days).
**

Significant at the 1% level.
*'t'*oa significant at the 5% level.
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TABLE 7c. Analysis of covaríance for the linear regreslsion equations
calculated for the daily total integrator responsest'' of a mixed

E. carot ovora infection Íncubated aÈ three ÈemPeratures.

Pairwise
comparison F Test for sLopes

F TesE for símilaritY
between lines

Diseased 22.5o C

s.48^
&J

18.82^^vs

Control 22.5o C

Diseased 9.8o c
¿&

19.31^^
¿&

43.00^^vs

Control g. go c

Diseased 4.10 C

Control 4

0.2lN's'
¿¿

L4 "2r^^vs

loc

Diseased 22.5o c

18.02^^
¿

4.29^vs

Diseased 9.80 c

Diseased 9.80 C

vs

Diseased 4.10 c

J&
20.33^^

¿J

20.81^^

Diseased 22.5o C

vs

Diseased 4.10 C

** 34. 06**27 .97

*biff"t"nce significant at the 17' leve1'
*Diff.t"oce significant at the 57' level'

N. S.
Difference not significant at the 5% level'

1)¡.r, of integrator units.
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TABLE 7d. Pairwi-sg comparisons of means of Èhe total
of peak .t"."I) averaged over three incubation
temperatures for a mixed E. carotovora infection
(El"ü() and non-inoculated control (CO) Èreatments.

Pairwise
comparison

Mean total
integrator response t Value

E¡fl( 5.945
&¿

5.83^^

vs

5.017

¿¿^^V.l.r"t significantly dífferent at the 17. level'
1)log of sum of all indivídual peak areas.

co
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TABI,E 7e. Pairwise comparisons of means of the toËal
peak areasl) for three incubation temperatures.

Painrise
comparison

Mean total
integraÈor resPonse t Value

22.50 C

vs

9.8o c

5.97 L

5.57 4

2.18N.S.

22.50 C

vs

4.10 c

5.97L

5.326

3.39^^

9.Bo c

vs

4.1o c

5.57 4

5.326

1 . 30N. S.

¿J

Values significantly different at the 1% leve1'
N'S'U"l,r"s noE significantly dif ferent at the 57' level'

1)"Log of sum of all individual peaks.

TABLE 7f. Pairwise comparison of mean number of peaks/
chromatogram for a mixed E" carotovore infection
(ElO() averaged over t.hree incubation Ëemperatures.

Pairwise
compar ison

l"lean number of peaks/
chroma Ëogram t Value

E},D( 11.91

vs

Control 9. 83

9.7

ir-*
Values significantly different at the 1% level"

**
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ÎABLE 7g. Pairwise comparisons of neans of the average
number of peaks/chromatogram for the Èhree incubation
temperatures.

Pairwise
comparison

Mean number of peaks
chromatogram t Value

22.50 C

vs

9.8o c

8.7 7

7 .93

J¿

3.32

22.50 C

VS

4.1o c

8,77

6.7 6

&&
7 "63^^

g.go c 7 .93
¿¿

+. ++VS

4.10 c 6.76

Values significantly differenÈ at the L% level"
&ú
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temperature also produced a significantly (P = 0.01) greater mean number of

peaks/chromatogram than at 4.10 c.

The mean peak areas (t0c1g) and PTPA values for the major peaks in the

chromatograms of the experimental treatments are presenËed in Table 7h;

the correspondÍng chromatogram signatures are presented in Tables i, j,

and k (see REFERENCE TABLE D for peak identification).

The metabolites which, according to the test statistics in Table 7h,

could potentially be used to differentiate between the volatile profiles of

the experÍmental treatments are summarized in Tables 71, m, and n" The Ef0(

22.5o C treatment could be differentiated frorn the corresponding control on

the basis of production levels of methanol (El'Ð(>CO). No significantly

dÍfferent PTPA values were recorded. the El'O( 9.80 C treatment could be

differentiated fron the corresponding control on the basis of production levels

of methanol (Ei'D( > CO) and the PTPA values f or methanol (El"D( > CO) and the

compound K (CO> El"D(). The EI'fl( 4.Lo C ËreaËment could be differenËiated fron

the corresponding control profile on the basis of production levels of methanol

(E¡0( > CO) and ethanol (ElD( > CO) and the PTPA values for ethanol (Elm ) CO).

The EIfl( 22.50 C treatment could be differentiated frour the El'D( 9"Bo C

treatment on the basis of the PTPA values for methanol (ElO( 9.8o C > El't( 22,50

C), erhanal (Eltr( 22.5o C >El'D( 9.50 C), and 3-hydroxy-2-butanone (ElD( 9"Bc C

> EIO( 22.50 C). The Eìfl( 22.50 C and EI\fl{ 4.Lo C treatments had significantLy

dif ferent production values for ethanol (El'O( 22.5 > El'D( 4"1-) and significantly

different PTPA values for methanol (EI'D( 4.1> EI'O( 22.5), ethanal (Elm

22.5>8lO( 4.1), and compound K (El,D( 4.L) EIO( 22.5). The EìÐ( 9.8o C treat-

menE could be differentiated frorn the EID( 4.Lo C treatment ori the basis of

the average production levels for methanol (EIÐ( 9.8>EÞfl( 4.1) and on the

basis of the PTPA values for methanol (El'O( 4.1>EMX 9.8)' 3-hydroxy-2-butanone

(ElO( 9.S)El'tK 4.1), and compound K (EI'fK 4'l>El'fl( 9'8)'



ÎAEI¡ 7h. A¡e¡e of chræetogran peaka averaged over the {ncubati.on perrod for a nrxed !. carotæora lnfectlon (Et{x) held et three lncubatlon terpêrtturel'

EÈhanal Bthenol 2-Propanol RT - 7.1 nln G-4 Pka l-Eutanol RT' 12.7 utn
tleth¡nol

Areel) P1PA2) Area PTPA Area PTPA Area PIPA Area Pl?A Areå PÎ?A Area PTP^ Area PnA'

3-wdrory-
2-Butanone

Àr¿r PTPÀ

RT ' 17.8 nln

Àree PIPA

wf, 22.50 c

Control 22.50 C

E¡q 9.80 C

cmtrol 9.8o C

Brfi 4.10 C

Control 4.1o c

1 zz.so c

1 ç.ao c

I a.to c

4.27 sb*

I

5.0¿r a

3,91

4.84 a

4.01

b

b 24.75 ab

1.36 d

Td

18.28 b

10.56 c

31.52 e

a 5.14 e

ab 0.31 a

a 9.16 a

ab 0.75 a

b 1.10 a

cTa

3.82 a

2.45 a

!.25 d

2.78 a

3.49 |

2.84 a

0.68 a

0.19 a

1.52 a

1.13 a

1.56 a

2.38 a

3.37 a

Ta

2.40 a

2.65 a

2.05 a

1a

0.58 â

1a

0.59 a

0.81 I

0.83 a

Te

4.73 d

3.63 â

4.49 a

3.28 â

?.44 t

2.69 a

9.33 a

1.44 a

6.70 e

3.31 a

2.44 a

1.13 a

1.6ó a

1.19 a

2.39 a

3.81 e

3.23 a

4.63 e

1.93 a

3.81 a

3.58 a

0.99 a

1a

1.45 a

1r

1.27 ¿

Ta

0.02 e

Tr

0.75 e

T¡

1.06 e

1â

2.96 t

3,39 a

4.67 À

3.65 e

4.15 a

2.91 a

1.45 c

0.88 c

7.27 b

8.00 b

2.88 c

14.50 t

1.69 a

2.35 a

3.51 a

4.09 t

3.75 a

2.86 a

0.56 c

1.13 c

2.25 c

17.19 a

5.28 b

6.75 b

c

4.38 a 2.77 ¿

3.78 a 2.38 ab

1.42 sb O.22 c

TbTc

2.74 ab 0.81 bc

3.40 a 2,25 
^b

4.78

2.80

4.65

2.7 4

2.34

T

4.32

2.41

3. 86

3,47

2,41

3.50

a

a

a

a

a

a

4.14 e

3.91 a

4.63 a

8.73 b

10.56 b

29.83 e

3.01 a

0.41 a

2.91 !

1.59 a

0.16 a

1.17 a

4.50 a

3.29 d

2.50 e

7.28 a

3.31 a

2.11 a

3.90 a

3.47 a

2.68 a

1.08 r

0.91 r

0.94 a

0.34 e

0.11 r

0.80 !

3.77 d

3.65 e

3.84 a

3.90 a

3.32 a

3.97 a

8.00 å

5.78 e

3.95 e

7.79 d

4.50 a 6.39 a

2.74 ab O.75 a

1.76 b 0.83 a

3.41 e 0.99 â

2.78 a 1.13 a

3.33 a 1.77 e

2.56 e O.52 I

2.65 a 0.81 a

1.54 a 0.63 a

2.66 I 0.65 a

0.88 a 0.27 I

2.58 s 1.38 c

4.09 e 17.18 a

3.53 a 5.98 b

2.86 I

2.39 
^

1.31 a

1.54 a

4.07 a

1.85 b

5.50 a

0.35 a

3.52 c

2.69 a

I.22 e

1.23 a

4.02 a

3.20 a

6.49 a

1.96 a

3.ó3 a

3.13 a

2,35 a

3.20 a

2.92 a

3.10 t

2.59 b

8.35 a

1.23 a 0.56 â
X EHf,

I control

4.7L a 15.74 a

2.64 b 11.77 e
laTa

\alue¡ slthln colm¡ follored by the sere letter are not slSnlficantly (P ' 0'05) different by Duncanre test of ordered æane'

1 - Trace.
1)Totrl area (Log of lntegrator units).
2)Per.entage of totål Peek arees.

ts
s.\o
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ÎABLE 7i. Chromatogram signatures between a mixed E. carotovora
infection (ElfK) and non-inoculated controls (CO) at three
incubation temperatures.

Treatment Signaturea) for areasb) Signatures for PTPAC)

Etß 22.50 C

Et'D( 4

co 22.50 C

.+ ll
/¡ rip,1\¡ ç1çi adhj

EID( g. go c AICF G K J E' HB

co g.go c KAI GFEC D:bhj

FC B DGIAKJEH

BKFGlEC':AdhJ

AJC J F K G HE D J

A TGFEDC bhj

A GIF ECHD ¡\ ,j

tA IKG BEF:cdhj

F G ADI E

loc [- K EB

rJ

I
-- -t
F GìC

i

DH': j

co 4.10 c EIFr:cdhj,cb

")p""k" significantly (P = 0.05) different from one another by

Duncants tãst for ordered means are not enclosed by the same bracket.
Traces are given as small letters.
b)'Log peak areas.

")P"r""r,tage of total peak areas.
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TABLE 7j. Chronatogran signatures of volatile profiles recorded at
three incubation temPeratures.

Treatment Signaturea) for areasb) SÍgnatures for PTPAC)

J A4.Lo c I B/G F c J I G FEBCH j

9.8o c I CFGKE J
l_

¡llg g\ A CI J E D HI B

22.50 C c BG AI E K F B DGKIAJ E

a)-'peaks significantly (P = 0.05) different from one another by
Duncan's tãst for ordered means are not enclosed by the same bracket.
Traces are given as small letÈers.
b)log peak areas.

'/Percentage of total Peak areas.

TABLE 7K.
(ElD()

Chromatogram signatures for a mixed E"

and control treatments.
carotovora infection

Treatment Sígnaturea) for ar"asb) Signatures for PTPAC)

E¡0( A CFIG KB H A F c IJ KG BDEH

Control F KEA c A I GFBE c hj

a)o'peaks significanÈly (P = 0"05) different from one another at
Duncants tãst for ordered means are not enclosed by the same bracket'
Traces are given as small letters.
b)Log peak areas.

")P.r".rrtage of total peak area"

hj
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TABLE 71. Comparison between chromatogram signatures for a mixed

E. carotovora infection (Elm) and non-inoculated controls (CO)

at t,hree incubation temPeraEures'

Characters Distínguishing Bet!'¡een Treatmentsa)

Etß 22.50 C Eto( 9.8o c E},il( 4.10 C

Ar"rb) PTPAC) Area PTPA Area PTPA

co 22.50 C

El'o( 9. Bo c

co 9.80 C

EID( 4. 10 C

co 4.Lo C

A

J

AKA

cc

¿

ABI

ABK AIK

AC I

q\ 
-- !L^ âe^ôÈñ^ñf ôolChrrr"ters which differ significantly beiween Ëne LLe¿aL'rËrrLùc

b)
Log peak areas"

Percentage of total Peak areas'c)

*
No characters signíficantly different'
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TABLE 7ur. Comparison between chromat.ogram signatures for the
volatile profiles recorded at three incubation temPeratures.

Characters Distinguishing Between Treatments a)

9.80 c 22.50 C

4.""b) PTPA.) Area PTPA

4.10 c J AK c

J

AK

K9.8o c

t)Chtt."ters which differ significantly between the
b)i,og peak areas.
c)-'Percentage of total Peak areas.
*No 

"h"ttcters 
significantly different'

treatments.

TASLE 7n. Comparison between chromatogram signatures for a

mixed E" carotovora infection and control treatments.

Characters Distinguishing Between Treatmentsa)

E carot ovora Infected

At"tb) PTPAC)

Control AC

t)Ch"r."rers which differ significantly between the treatments"
b) Log peak areas.

Percentage of total Peak areas.

K

c)
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l{hen the experimental data were pooled according to the three incubation

temperatures the volatile profí1es for the experimental trial incubated at

4.1o C couLd be differentiated from Èhe profiles at g.8o C on the basis of

the production levels of compound J (9.8 > 4.1) and on the basis of the PTPA

values for methanol (9.8 > 4.1), and compound K (9'8 > 4'I)' Tb'e 22'1 and

4.10 C treatments could be differentiated on the basis of the production

levels for erhanol (22.5>4.1) and the PÎPA values for methanol (22"I)+.t¡,

and compound K (4.1> 22.5). The 9.8 and 22.50 C treatments could only be

differenriated on the basis of the PTPA values for compound K (9.8>22'5)'

l{hen the experimental data was pooled according to the disease Èreat-

ments (ElOt vs CO) the profiles for Èhe two treatments could be differentiated

on the basis of average production levels of methanol (ElD()CO) and ethanol

(Et'D() CO). The PTPA values for compound K (CO> EID() were also significantly

different in the volatile profíles of the disease and control treatments'
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eratur on VolaÈile ofiles o
rtme t 8: E fec In ubat

o ora var. car tov a and E. carotovora
Potatoes Infec ted with E.

var. atrosep tica

Disease summarv. In both experimental trials' disease development

amongstthetreaÈmentreplicaEeswasrelativelyuniform.Thesoft-rot

sympËomologyaPPearedtodevelopmorerapidlyatthehigher(22.80C)incu-

bationt'emPerature.AllcontroltreatmentsremainedsoundËhroughouÈthe

test Periods.

E. carotovora bacÈeria ltiere recovered from the bacteríal seePage of all

inoculated treaEments' Tests indicated that none of

infections had become contaminated by the opposing E'

There r^rere no immediately appreciable differences between the populations

of the two !. carotovora varieties at each incubation temperature'

Inbothtrials,populationsofsecondarymicroflorawereminimalin

comparison to the P. carotovora populations. There liere no significant

differencesinthesizeornalureofthesecondarymicrofloracommunities

the varietY sPecific

car ot ov a varietY.

Staph vlococ cus. E. coli,
aË the two incubation temperatures' In both trials'

and yeasts Idere the predominant secondary organisms'

Vola i1e oroductíon. The total daily volatile output data for the experimen-

ral treatments in Trial I have been plotted as a natural 1og function Ín

Figure 8a along with the corresPonding best-fit regression 1ínes' The data

in Trial 2 showed similar volatile production patterns' The total daily

volarile ourpur data for the ECC 22.80 C (P = 0.01) ' CO 22'80 C (P = 0"05)'

ECA 9.Bo C (P = 0.05), and ECC 9.8o C (P = 0.01) treatments followed an

exponential pattern of increase over the test period (Table 8a) '

The analysis of variance statistics for the total volatile outpuÈs of

thevariousexperimentaltreatments,averagedovertheentiretestperiod,



FIGIIRE 8a. Daily total voLatile production and corresPonding best-fit
regression lines for the E. caroËovora varíeties (ECC and ECA) íncubated
at t!'ro temperatures (Trial 1).
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TABLE 8a. Linear regression equations for Èhe daily
toÈal integrator resPonses of the E. carotovora
varieties (ECC and ECA) and non-ínoculated control
(CO) treatments incubated at tvro different
Èemperatures (Trial 1).

Treattoent Equatíon r2

-ô\
eI1.53+0.52X') 0.46N. S .

J

0.60^

ECA 22.80 C

co 22.80 C

EC,A g. 80 c

c

Yl)

ECC 22.80 C
_ 11.74+0.85XI-e 0.7 5

10. 16+0.46XY

Y

=e

- 9.20r0.57xI -e 0.83

s.2L-0.zfr

e9.49'l{. 56X
&

0.55^

0.04N. S.

JJ

g.goECC

co Y =e

1), = Total integrator resPonse (integrator units) 
"

t)l = Incubation period (daYs).
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TABLE 8b. Analysis of
grator t."porr".sl)

variance for means of total inte-
averaged over the incubation

perÍod for E . carot ovora var. atros otica or E.
caroËovora var. carof ovora inoculated PotaÈoes held
at two incubation temPeraÈures.

Source of
variation D. F. s.s M. S. F-Ratio

TrÍal L

Disease (D)

Temperature (T)

DXT

Error

2

1

2

L.867

2.433

0.538

0"598

0.934

2.433

o.269

0.050

¿¿
LB "7 4^^

JJ

48.86^^
¿

5"40^

L2

TotaI L7 5.436

Trial 2

Disease (D)

Temperature (T)

DXT

Error

2

1

2

1. 8s8

5" 619

o "402

o.L62

0.929

5.6L9

0. 201

0.014

&+
66.36^^

¿s
401"36^^

JJ

L4 "36^^

T2

Total I7 8.041

**""significant at the
*Significant at the

t)ro, of sum of all
units).

1% level.
5% level.

individual peak areas (integrator
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are presented Ín Table gb. rn both Èrials, the disease (D) treatmenÈ (P =

0.01) incubation temperature (T), and DXT interaction (P = 0.05 or 0.01)

effects were found to be statistically significant. The average daily vola-

tile outputs of the ECA and ECC treatments ttere not significantly different

(p = 0.05). However, both disease treatments had a signíficantly (P = 0'05)

greater average ÈoËal volatile output than the control" 6 = 50X controls)

(Table Bc). In boÈh trials, the 22.50 C treatments produced significantly

grearer average daily volatile outPuts than the 9'80 C treatments (P = 0'05)

(Table 8c).

In both trials, the significance of the DXT inÈeraction steÍEned from the

fact that at 22.50 C the ECC treatment consístently produced greater total

volatile outputs than the ECA treatment, whereas aE g'Bo C the ECA treatment

produced the greater average volatile outPuts (TabIe 8c) '

Table 8d contains the test statisÈics for the covariant analysis of the

regression equations derived for the experimental treatments' At the 22'8o C

íncubation temperature, the regression equations for the total daily volatile

production 1evels of the experimental Ëreatments (ECc' EcA, co) were signi-

ficantly different (P = 0.01) but the slopes of the lines were not different

(p = 0.05). At 9.8o C, the ECA and ECC regression equations vrere not sig-

nifícanÈly different (P = o.05), but both disease treatments could be differ-

entiated from the co volatile production response.

lJhen each E. carotovora variety was compared at the tluo incubation temp-

eratures, Èhe slopes for the regression lines were not significantly (P = 0'05)

dífferent, however, in all cases the overall equations at the two incubation

temperatures were significantly (P = 0'01) different'

In both triaLs, all recorded chromatogram Peaks leere conmon to the vola-

tíle profíles of the diseased treatments 'grrenrncE TABLB C). The average
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TABLE 8c. Means of total integratot r""porr""sI)
the incubation period for E. carotovora var.

averaged over
carotovora

(ECC) or E. carotovora var. atroseptica (EC"{) ínfected
potatoes incubated at tvto temPeratures.

Trial 1 TriaL 2

Treatment Means Treatment l"feans

ECC 22.50 C

ECA 22.50 C

ECA 9.80 C

co 22.50 C

ECC 9.80 C

co 9"80 C

¿
6.247 a^

5,74L ab

5.2I9 bc

5.103 c

4.982 c

4.684 c

22"50 C

22"50 C

22"50 C

9.8o c

9"8o c

9.80 c

6. 181 a

5.685 b

5. 156 c

4,84L cd

4.647 d

4"L82

ECC

ECA

co

ECA

ECC

c0 e

x 22.50 C

i 9.Bo c

5.697 a

4.962 b

Ï 22.50 c

ï 9.8o c

5.674 a

4.557 b

I scc

ï nce

5.615 a

5.480 a

4.893 b

ï ncc

ï nca

lco

5"4L4 a

5 "263 a

4.669 bcox

ov"lrr", wíthin columns followed by the same le¡ter are not
significantly (P = 0.05) different by Tukeyrs test of
ordered means
1)log of sum of all individual peak areas (integrator units) '
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TABLE 8d. Analysis of covariance for regres sion eouations calculaÈed
1) for the E. carotovorafor the dailY total íntegrator resPonses

varietÍes (ECC and ECA) incubated at two different temperatures'

Pairwise
comparison F Test for sloPe

F Test for simílaritY
between lines

ECA
vs

ECC

22.80 C

22.80 C

1.43N. S.
¿&

IL.37

ECA

co

22.80 C

22.80 C

0.01N. S.
s

16. 17vs

ECC

c0
vs

22.80 C

22.90 C

L.29 Ir. s. &&
43.81^^

ECA

ECC

9.8o c

9.8o c
o " olN. S. 1.86N.S.

VS

ECA

co

9.8o c

9.8o c

¿
4"00^ 11"99

VS

ECC

co

9.80 C

9.8o c
14.00

¿& ¿-L

1 s.45^ ^
vs

ECA 22.80 C

ECAt" 9.8o c
o. olN. S 

"

¿&
s3 .33^^

ECC

ECC
vs

22,80 C

9.8o c
2. 14N. S'

¿¿
222.61^^

co 22.80 C

9.8o c
2. 76N's'vs

co

*obiff"t"nce eignificant aÈ the 17' level'
N'S'oitterence not sígníficant at the 57" level'

1)¡,n of integraÈor values'

l.g. g3**
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TABLE 8e. Analysis of variance for mean number of peaks/
chroroatogrem averaged over the incubatíon period for
E carot ovora var. carotovora or ç. caroLovora
var. æP.ljlg infected Potatoes
temperatures.

íncubaËed at tvJo

Source of
variation D. F. s.s t4. s. F-Ratio

Tria11

Disease

Temperature

DXT

Error

(D)

(r)

2

I

2

L4.57

34.31

1.33

6 "40

7 .25

34"31

o "67

0. 55

**
13.61

J¿

b4.Jt

I . 2lN. S.

l2

Total L7 56 "42

Tri.al 2

Disease

Temperature

DXT

Error

(D)

(r)

2

I

2

26 "40

10.73

2.22

3. 01

13. 20

10. 73

1.11

0.25

J¿

52.8 ^^

&&
42 "9 ^^

4.4 *

T2

Total L7 42.36

ù¿-^Sígnificant at the 17. level.
J^significant at the 57. level.

N'S'Noa significant aÈ the 5% level'
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TABLE 8f. Ùlean number of Peaks/chromatogram averaged over
the lncubation períod for E. carotovora var. carotov ore
(Ecc) or E. carotovora vat. a trosep t ica (ECA) infected
potatoes incubated at ËvJo temPeratures'

TriaL I Trial 2

Treatment Means TreaÈment I'feans

ECA 22.50 C

ECC 22.50 C

co 22.50 C

ECA 9.80 C

ECC 9.80 C

co g.80 C

*10.4 a

9.3 ab

7.6 bc

7.0 cd

6.6 cd

5.5 d

22"50 C

22"50 C

9.8o c

9.8o c

22.50 C

9.8o c

7.8 a

7.3 ab

6.2 bc

5.6 cd

4.8 d

3.4 e

ECC

ECA

ECA

ECC

c0

co

1 22.50 c

1 9.Bo c

9.1 a

6.4 b

x 22,50 C

1 9"Bo c

6.6 a

5.1 b

1 nca

i rcc

8.7 a

8.0 a

6.6 b

X ECA

I ncc

6.7 a

6.7 a

4"L bc01 lco

ou"lrr." within columns followed by the same-letÈer are not

"i;;;i";ntly 
(p = 0.05) different bv Tukevrs test of

ordered means.



165

pgmber of peaks/chromatogram for the ECC an<i EC.A. ÈreatmenÈs !ùere not signifi-

canrly different in either of the trÍals (p = 0.05) (Tables 8e and 8f) " Both

disease treatments had a signifÍcantly (P = 0.05) greater mean nr:srber of

peaks/chromatogram than the controls (Table 8e). Tlne 22.8o C treatments also

had a sÍgnificantly (P = 0.05) greater average number of peaks/chromatograrn

than the 9.8o C treatment. In Trial 1, the DXT interaction effect r,,as not

sígnifÍcant (p = 0.05) in the analysís of variance of the mean nu¡nber of Peaks/

chromaËogram (Tab1-e 8e). In TriaL 2, the DXT effect was signifícant (P =

O.O5) as at 22.80 c Ecc>EcA, while at 9.8o c EcA>ECc.

The mean peak areas (LOG1') and PIPA values for the major peaks ín the

chromatograms of the ECC, ECA, and CO treaËmenËs are listed in Table 8g;

the corresponding chromatogram signatures are Presented in Tabl-e th (see

REFERENCE TABLE D for peak identlfication). The metabolites which, according

to the test statístics in Table 8g, could potentially be used to differentiaËe

between the ECC, ECA, and CO treatments are su¡ornarized in Tabl-e 8i" In both

triaLs, the peak areas and PTPA values for a nunber of components in the voL-

atil-e profiles of the disease treatments hTere found to be significantly

different. However, there rtras very Líttle corresPondence between the diag-

nostíc characteristics established Ín the two Èrials. In the peak area

comparisons, in the najority of cases differentíation between the disease

treatments and the control-s was due to greater outputs by the díseased treatments'

The peak areas (LOG10) and PTPA values, averaged over the incubatíon

perÍod, for the major peaks in the chromatograms of the íncubation teloperature

treatments are listed in Table 8g. Table 8j contains the chromatogram sig-

natures for the mean volatile output and PTPA vaLues. The metabolites, whÍch

according to the test statistics in Table 8g could be used to dífferentiate

between the volatiLe profiles at the two incubaÈion temPeratures, are suümar-

ized ín Table 8k. In both trials, the two incubatÍon temperaÊures produced
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2-Butanmê l1 - l7.E ¡ln

Are¡ Pî?

Irf.f I

22.!o C

9.!o C

4.16 .r 18.@ .
t.!8. 12.00 .
4.06 . 17.20 .

ô.95 . 19.30 .
3.22 r ll.5l r

tcr

¡cc

oo

tcr

tcc

oo

1.56 ¡
2.17 t
0.52.

3.24 t
5.47 ¡
0.20 ¡

o.ó0 r
0.10 .
1.

3.17 r
3.93 I
1.82.

2.72 b

13.53.

2.20 b

3.59 I
t.4l .
3.22 t

2.lt b

4,13.

2.00 b

2.36 t
9.50 ¡
3.60 r

4.26 t
2.55.

l.5E r

t.47 t
2.7O .

19.88 |
ll.0t ¡
2.5(t ¡

!.79 t
3.{Ð ¡
1.03 ù

4.14 . 11.73 .
2.02 ù 3.57 b

1.85 b 2.1ó r
3.6ó ¡ 3.E3 .
1.0Ebtr

3.81 r 2.30 ¡
1.51 b 2.85 .

E.32 ¡
8.ô3.

0.4O ¡

2.99 .
0.51 ¡
o.93 r

9.1ó.
t.57 ¡b

2.30 b

1bÎ.
1.34 r 0.1? ¡
TbÎ.

æL3

22.50 C

9.to c

4.4{t ¡ 21.52 I 0.46 b 0.72 .

2.97 ¡ 5.00 b 2.79 .b 5.48 I

1 b I b 3.70. 9.60.

3.70.

2.41 .
2.26 t

4.70 r 18.53 ¡
1.26 b 0.96 b

4.54 . 12.1t.
2.27 b 3.26 b

3.16 r
0.96 r
1a

4.22 t 13.12 ¡
3.79 . 20.80 ¡
2.23 b 21.OO ¡

4.92. 21.43 .
3.00 b 12.40 b

5.90 ¡
19.34 .

2.68 r
2.8!t r
2.t4 .

1.63 b 4.51 ¡ 11.27 .
8.76 r 0.85 b 3.12 r

5.66 r
4.92 .
0.60 .

7.68 r
8.64 ¡
l.ó0 r

0.48 b

2.7o .
0.03 b

7.03 I

0.53.

1.74 r
0.03 r
0.49 .

3.33.

3.60 .
1.03 b

12.E0.

1.34 r
tb

0.1t .
1.

t.?2 t
3.16.

1.

4.22 .
2.06 b

5.67 r
6.ü) r

10.52 .
12.0E ¡
3.00 ¡

2.33 r
1.53.

L.22 t

4.26 . lg.rÛ. 1.23 ¡
2.25 b 2.80 b 2.51 r

2.03 .
5.72 t

2.59.

1.16 .
lr

0.86.

2.76 .
1r

2.EZ .
2.46 t
2.L2 t

1.72 .
9.0E ¡
2.2o .

3.26.

2.50 .
1.

3.82.

2.E9 r
1.42 r

3.5O r
2.0O r

1.66 r

L.76 t

0.53.

3.0O.

2.51 t

2.67 .

1.47.

3.12.
3.67 r 3.50 .
1.30 b 7.04 ¡

1.54 r
1.38 ¡

0.53 r
3.48 ¡

trlu¡ rlthtn coln¡ follmd þ thc ræ lcttrr ¡rG not rt8nlffilntly (P'o.o5) dlfferent by thmunrr tÊrt of ord€rÊd Dml'
I . Îr¡c".

l)lotrl ¡nr (ta¡ of tatrgrrtc mlt vrlucr).
2)Pucmtego of tot¡l púl rrGr..

H
o\
cr,
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ÎABLE th. Chronatogram signatures f
ca tovora (ECC), E. carotovora
and non-inocula red conÈrols (C0)

incubation temPeraËures .

or E. carotovora var.
var. 9ÆSt!4 (ECA) 

'averaged over two

Signaturet) fot "t."rb) 
Sígnature for PTPAC)

Trial 1

ECA A c GFJ IBD :hE

ECC FADG CK EJB

co

Trial 2

AGJIBFKCDEH

ECA AGC IHEK

IKFCJ bdeh

KIF EHDB j

A C J GIF D I

F KI C GlD

A

HE b

;; h

\
Jì

F B :j A G'C

co

ECC GAIKHECBFDJ CEK AIHDFBJ

CKFEI abdhj c EKI abdfhj

a)P"aks significantly (P = 0.05) different from one another

Uy-órro"trrtã t.st for ordered means are not enclosed by the

säme bracket. Traces are given as small letters"
b)log peak areas.
c)Pet"eotage of total Peak areas'
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ÎABLE 8i. comparÍsons between signatures for E. caroLovoFa var.- 
""iolo.ror"- 

(ECC), E. caqotgvora var. g!fgg.!;!gg (ECA), and

t "-i""""t"ted 
control (CO) treatmenLs averaged over tr'¡o

incubation temPeratures.

Characters DÍstinguishing Between Treatmentsa)

ECC

A=""rb) Trial- 1 Trial- 2

ECA

Tríal 1 Trial 2

DHI J

ECC

CDHI AG c A3G
co

PTPAC)

ECC

¿

F

G

A

A
co DF

t)ch"tt"ters which differ significantly between the

treatments.
b)i,og peak areas 

"

")P"t".rrËage of total Peak areas'
*No 

"hat"cters 
signifícantly different'
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TABTE 8j. Chromatogram signatures, averaged for the disease
treaËments at two incubation temPeratures.

sÍgnaturea) fot ate"b) Signature for PTPAC)

Trial 1

22.80 c

9.8o c

A FICDK G JHBE

AKFJIC BE :h

GC KAE H D BJ AC I FDBJ

A F K IDGJ HE

K G IJC .tl BE h

TríaL 2

22.90 C

g. go ffiKtBl j G I\ EFCHAKD

t)p"rk" significanrry (p = 0.05) different from one another by

Duncants tãst for ordered means. Traces are given as small
letters.
b)log peak areas.

")P"t""rrtage of totar Peak areas'

TABLE 8k" Comparísons between signaËures averaged for the
disease treatments at tvro incubation temperatures.

Characters DistÍnguÍshing Between Treatmentsa)

g"go c

Ar".sb) PTPAC)

TriaL l TrLal 2 Trial 1 TrLaI 2

G

c J

22.80 C BCDFHI ACEGK BCFG ACGI

t)Chrr."aers which differ significantly between the treatments"
b)r,og peak areas 

"

")P"r".rrtage of total peak areas"
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significantly different peak production and PTPA values for a wide range of

meÈaboLÍËes. In the peak area comparísons, ilne 22.80 C values were usually

significantLy greater Èhan aÈ 9.80 C. However, onLy ethanol (Peak area and

pTpA 22.8 > 9.go C) sras a consistent diagnostic factor in the two trials.

The peak areas (LOGlo) and PTPA values, averaged over the incubation

period for the major Peaks in the chromatograms of the síx experimental

treatments are lÍsted in Table 81. Table 8m contains the chromatogram sig-

natures for the mean volatile output and PTPA values. The metabolítes which,

according to the tesE statistics in Table 81 could potentially be used to

differentíate between the various treaËmentsr are summarized in Table 8n'

very few metabolites Here found to be diagnostic facÈors in both replicates

of any of the paired comparisons. Agaín in peak area comParisons the disease

treatment values tended to be greater than those of the controls and the

22.80 C values were usually significanËly greater than at 9.80 C.



Ilr¡ 01. âr¡¡t of chrdtogr.r pcr]r evcrrgcd wct tho tncubrtlm perlod for !. crroÈ@ora Yrr. llIgtg (roc) rnd !. .g¡g¡g!9.I! Yra. .trorcDtlc. (tc )
hdbat d ¡t tJo t¡P.ßaturc..

lbtb.æl ¡th¡il1 Ithrnol

lrGr PltA

2-Propanol Rt - 7.1 qln C-4 PLr l-Eut.nol

Ar¡¡l) PEA2) Arc¡ PTPA Arer PI? Arer PIPA Atç. PTPA lrâ. Pl?A

3-þdrory: m. lt.3 ¡tûl1 . 12.7 rlo 2-lut¡nm

Aft P1?A Arel PI?A Arcr Pl"À

;¡l!Ll
tca 22.Eo C

icc 22.Eo C

Ð 22.80 C

lcl 9.Eo C.

toc 9.80 c

0 9.to c

5.10 rr
1.04 I
4.!3.
3.53 r
2.72 t
3.t9 .

2t.æ .
13.47 .
17.80 r
10.80 r
10.53 .
16.60 .

33.8{l ¡
E.ó0 b

1ù
3.10 b

2.60 b

1b

l.
0.99 .
l¡

2.60 r
3.34 r
1.05 .

1r
G.07 r
1.

5.4O .
10.8t .
0.4O.

3.87 rb

5.01 e

2.07 bc

3.73 rb

0.98 c

Tc

10.10 rb

16.47.

0.30.b

7.13 !b

1.20 ¡b

1b

1.60 e

1r

1r

2.42 t

l.o2 I

1.86.

3.f7 t
4.29 ¡
2.IZ 

^
1.4o.

1.23 r
2.94 )

0.10.
'I r
1r

0.93 r
0.20 r
1.

1.73 ¡
6.80 r
2.2o .
1.70.

10.60 r
4.91 .

3.60

5.46

3.65

2.8E

2.4t

I

1.34 r
1.46 ¡
1.32 r
l.El r
1.10.

l.

. 4.(x, b

r 21.33 .
r 4.4o b

¡b 1.8t b

rb 5.73 b

blb

3.28.

3.4? t
3.04 r
3.79 r
3.47 t
3.40 r

1.t0 b

0.53 b

2.00 b

14.ô0 .
14.60 .
2.60 b

1b

2.6E.

1b

1b

1b

1b

1.
0.33 ¡
T.
1r
1.
1.

3.98 .
4.45 r
4.01 r
0.99 b

3.81 r
1b

2.60.

7.2O .
7.2O .
2.20 .

11.80 ¡
T¡

3.69 .
3.43 .
3.17.

4.64 .
1.66 r
1.

1.20.

9.33 r
5.fX' .

32.t3.

12.60 .
îr

3.24.b 0.60 .

4.71. 4.2O.

2.16 bc î .

0.92 bc 3.20 I

2.ó0 rb 3.b7 .

1cî¡

lrt.l 2

lc 22.8o C

lcc 2?.80 c

n 22.80 C

tel 9.80 c

rcc 9.80 c

co 9.80 c

l.l4 ¡

1.00 ¡

1c

3.29 rb

1.5ó bc

Tc

1.07 ¡
li

T¡

0.60 r

4.ó0 r

9.41 e

l.ot ¡
t.
1r

ó.30 r
l.ó0.
1r

3.ó3.

2.2? .
1r

2.7O t
2.65 .
1.

1b

1.85 ab

3.70.

l.l4 rb

3.43 ¡

2.93 ¡ù

1.
1.20.

9.80.

t.Eo ¡
8.33 ¡
4.17 t

6.53 c

44.d) r
21.00 b

23.00 b

5.33 c

11.27 bc

2.60 ¡
0.5o .
1.

0.40 r
4.93 ¡
T.

3.61 r
4.06 .
1.42 I
3.83.

2.11 r
3.13 I

4.61 ¡
5.28 r
3.E2 rb

2.34 b

0.53 c

2.75 b

16.07 ¡b

30.00 .
¡.00 b

2.20 b

0.13 b

3.15 b

1.46 rb

2.40.b

0.60 b

l2.m ¡
6.60 rb

7.47 tb

4.4ó. 12.ü, t

5.09 . 13.80 b

3.52 I l.60 b

1¡lb
1.43. 5.20 b

3.59 . 21.66 .

3.32.

1r
1r

1.50 r
1.93 .
3.21 r

4.42

5.8ó

4.5t

3.91

2.40

3.31

.b

a

.b

.b

b

b

\rlrer r{thtn colu¡ follmd by Èho..n lGttêr.re not alSnlftcrntly (P.0.05) dtffarent by Dtncenrr tett of ordlred @¡n..
1 - Irecè.

l)lotrl ¡ru (LoB of tntâErrtor slt vrlu¡).
?)Pctcentage of totrl pe¡k trG¡r.

H.{
H
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TABI.E 8n. Chromatogram signatures for E. caroËovora
(ECA), E. carot,ovora var. carotovora (ECC), and

controls (CO) at Ëwo íncubation Ëemperafures'

var. atroseptica
non- inoculated

Signaturea) for areab) Signature for PtPAc)

TriaL L

ECA 22.80 C AK I C F D¡G J EB :h A KIDBGJEF :h

co 22.80 C AIFKGJDC beh

ECA 9.80 C KGCJA FBE

ECC 9.80 C ADFK E : bhj

ECC 22.80 C AC DIGK H J B :e tF;c A..Ki Iì D GHJ :be

aErrecll:bdeh

ID :h K GJACDIFBE:h

G KIAFDC E : bhj

: dfhik [-õ] t bcdefhijk

F:bj A C K G HEIFD :bj

co BAJGCE

TriaL 2

ECA 22.80 C ACKGIEH

9.8o c

ECC 22.80 C G KA EIB d c cfi-A E :dfIHBJ

c cE-rTi : abdfhj

c J nlr

co 22.80 C c K FEI : abdhj

ACHFDB J G I FAE j
ECA 9.80 C I

ECC 9.80 C HGIDAKEFC :bj I cKHDAFC\:bj

GIDEB ì : afhjco 9.80 C KIGDEBC : afhj K

.)p."k, significantly (P = 0.05) different from one another by

Duncanrs test for orâered means are not enclosed by the same bracket'
Traces are given as small l-etters'
b)log peak areas.
t)P"t""rrtage of total- Peak areas'



TABLE 8n. Comparisone betrreen slgnatures for !. carotovora var. glgggjl (ECC)' q. carotovora var. @']l@,g.
(ECA), and non-lnoculated control (CO) treatments at Èwo fncubatlon temPeraÈures.

Characters Dtstlnguiehlng Between Treatmencsa)

ECA 22.80 C ECC 22.80 C co 22.80 C ECA 9.80 C ECC 9.80 C

Ar.."b) Trlall rrial2 Tria11 Trlal2 TrlaLl Trial2 Trlall Trfal2 Trfall Îrlal2

EC,A 22.80 C

ECC 22.80 C

co 22.80 C

EC,A 9.80 C

ECC a.80 C

co 9.80 c

PTPAC)

I

*

H

*

I

c

AG

AG

AG

A

AK

D

ABDH

c

ABC

AC

CDH

DHI

CH

CDFHI

F

FG

FG

CFK

A

c

ACG

ACG FI

c

A

A

c

*

CDI

* cCDFI CDI

G

ECA

ECC

co

EC,A

ECC

oo

22.80 C

22.80 c

22.80 c

9.8o c

9.8o c

9.8o c

F

*

G

G

c

CG

CG

CG

CGK

*

G

I

G

K

G

G

*
G

K

t)Ch".""a.." t¡hlch dlffer slgnlffcantly betsreen Èhe treatments.
b)t 

og p""k areaa.
c)Pe."e.rtage of Èotå1 peak areas.
*No characters significantly differenÈ.

H
!(,
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roduction and ratur e

Experiment 9: Effect of Inocul um Size on Volat ile P

Eff

Disease summarv. In both tríals' disease develoPment amongst the treat-

mentreplicatesappearedtoberelativelyuniform.There!{erenoappreciable

differences between the Patterns or rates of disease devel-opment in the large

and smaLl Ínoculum-size treatments' All control treatments remained sound

throughouE the test Period'

E.carotovorabacteriawererecoveredfromthebacterialseePageofall

inoculated treatments' Tests indicated that both varieEies of E' carotovora

bacÈeria \dere Present at the end of the incubation period in all inoculaEed

replicates. In both trials, the populations of secondary microflora \¡rere

relatively low in comparison with the E' populations. In Trial 1,

s on Tra rf nce

ca otov

Þ ^^14 Q¡anlrr¡1ôcoccus. and Clos'triditt were the predorrinant secondary mícro-
ú- curr. uuePrrY¡vvvYv-'' ¿

organisms.InTrial2,yeasÈsandE.coliwerepredominant.Thefinalpopu-

lations of g. carotovora appeared to be relatively uniform regardless of the

initial inoculum size.

Volatile Production' The analysis of variance statistícs for the total

volatile outputs of the various experimental treatments ' averaged over the

entiretestperiod,arepresentedinTablesgaandb.overthetwotrials,

the output from the diseased treatment averaged 25X the output of the controls

(Table9b).Inbothtrialsthelargeinoculum(LI)treatmentsproduced

sígnificanÈly(P=0.05)S::eateraveragevolatileoutPutsthanthesmall

inoculum (SI) treaEments. Over the two trials, the average outPut of the LI

treatments leas approximately 3X greater than for the SI treatments (Table 9b) '

In both experimental. trials, the traP temperature main effect was not signi-

ficant(P=0.05)(Table9a).A]-ltwo.andthree-wayÍnteractionswerenon-

s ignificant.
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TABI.E 94. -Analysis of variance for neans of total of peak

"r.."1) 
averaged over lhe lncubacion perÍod for e nixed

E. c¿roÈovora infectlon wiÈh two inoculum eizes and tr,¡o
trap teryerature6.

Source of
variat Íon D. F. s.s I'r. s F-R¿È io

lrial I

Disease (D)

Inoc. slze (I)

Trap tenp. (T)

DXI

DXT

IXT

DXIXT

Error

1

I

I

L

1

1

I

8

6.32

1.18

0. 06

0.68

0.41

o,49

0,32

L.23

6.32

1. 18

0.06

0. 68

0.41

o.49

0.32

0.15

4r.I1**

7 .67*

o. 39N. S .

4.53N. S.

2.67N.S.

3.19N. S.

2.13N.S.

lotal 15 10.69

TtíaL 2

DLsease (D)

Inoc. size (I)

Trap teop. (T)

DXI

DXT

IKT

DXLKT

Error

8. 85

0.41

0.09

0.04

0.26

0.01

0.121

0. 39

8. 85

0. 4I

0.09

0. 04

0.26

0. 0r

0.121

0. 05

177.00**

8.20*

1.80N.S.

o.8oN.S.

5. 2oN' S'

o.2oN.S.

2.42N.S.

I

I

I

I

1

1

I

I

lotal 15 10. 16

*
*

Sfgniffcant at Èhe 1% level.
Slgniffcant åt the 57. level.

N'S'Not aignificant aÈ the 5% level.
I) Log of auo of atl fndivldual peak areas.
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TABLE 9b. Means of total daily integrator re
over the incubation period for a mixed E' "potr."l) 

averaged
carotovora infec-

tÍon with two inoculum sizes and two traP temPeratures'

Trial L TrLaL 2

Treatment Means TreatmenË Means

X Diseased

I Control-

X Large inoc.

I sr"rt inoc.

I 1o c tt.p

î zzo c rrap

t

5.59 a^

4.33 b

5.27 a

4.66 b

5.02 a

4.90 a

X Diseased

i Control

ï 1".g"

Ï sr"rt

6.08 a

4.59 b

5.49 a

5.L7 b

5.4L a

5,25 a

].noc 
"

]-noc.

1 1o c trap

î. zzo c rrap

ov.l.r", wiÈhin coluurns followed by the same letter are not sig-
nificantly (P = o.o5) different by Tukeyrs test for ordered means"

1)log of sum of all individual peak areas'
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The regression coefficients for the exponential regression equations

(Table 9c) indicate that in Trial 1 the Ëotal daily volatile outPuts of both

the díseased and the control Ëreatments foLlowed an exponential pattern of

increase over the incubation period. The total daily volatile outputs of

the inoculun sÍze treatments Ín Trial L also íncreased exponentially over

the duration of the test (lable 9c). Covaríant analysis indicated Êhat the

diseased and control treatments in TrÍal l- had significantly different

regression slopes (P = 0.01) and generaL regressíon equations (P = 0"01)

(Table 9d). In the ínoculum size analysis, the regression lines were found

to have signifÍcantLy differenü slopes (P = 0.01), but the regression equa-

tions were not significantly different (P = 0.05). The totaL volatile out-

puts of the disease-ÈyPe and inoculun-size treatments in Trial 2 folLowed

the same general patËern as ín Trial- 1, but were much more varÍable'

In both trials, all- recorded chromatogram peaks !Ùere common to the

volatile profi1es of both the inoculum-size treatments (REFERENCE TABLE C).

The analysis of variance statistics for the mean number of peaks/chromatogram,

averaged over the entire incubaËion period, are Presented in Tables 9e and f'

In both trials, the disease variable r.¡as the only main plot factor Ëo show

statisticall-y significant differences between the treatments' In both trials,

the E. carot-e]¿eËÊ ínfected treatment exhÍbited a significantly (P = 0'01)

greaËer average number of peaks/chrornatogram than the controL treatment. All

two- and three-way interactions !üere non-significant.

The peak areas (LOQ.) and PTPA vaLues, averaged over the entire incuba-

tíon period, for the rnajor peaks ín the chromatograms of the disease treat-

ments, the inoculum-Size treatments, and the Ërap-temperature treatmenËs are

listed in Table 99. lables th, i, and j contain the chromatogram signatures for

the mean peak areas and PTPA values (see REFERXNCE TABIE D for peak identifícaÈior
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TABLE 9c. Linear regression equations for the daily
total integrator resPonses for a mixed !.
carotovÕra 1nfection with Èwo inoculum sizes.

Treatment Equation 12

X Diseased

I control

Yl) e8.37+o.9oF) 0.54**

3.24+O.45X J

0.63^Y e

X Large ínoc.

Ï sr"tt inoc.

y = "8.06+I.22X
0.7 6

J¿

y = 
"8.67+0.59X

0. 81

1)" = Total- integrator resPonse (inËegraÈor units).
'tx = Incubation period (days)
**""significant at the 1% leve1.
"Sígnifieant at the 5% level

&J

TABLE 9d" Analysis of covariance for the linear regression
equations calculaÈed for the daily toÈal integrator res-
pånsesl) for a mixed E" carotovora infection wiËh two
inoculum sizes"

Pairwise
comparÍson F tesÈ for slope

F test for similariÈy
between lines

Diseased
vs

Control-

Large inoc"
vs

SmalL inoc.

** 20.7 5

2.56N. S

9 "77

30 "67
**

**^^ Difference sígnificanÈ at the 17. level.
N. S.

-- Difference not significant at the 57. level"
1)Ln of Íntegrator units"
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TABLE 9e. Analysis of variance for mean number of peaks/
chromatogram averaged over Èhe incubaËion period for
a mixed E. garotovora infection with two inoculum
sizes and two trap temPeratures.

Source of
variat ion D. F. s. s It. s. F-ratio

TriaL l

Disease (D)

Inoc. size (I)
Trap temp. (T)

DXI

DXT

IXT

DXIXT

Error

1

1

I
1

1

1

1

I

18.49

4.9s

1. 51

2.60

0. s5

0.01

0.31

l_0.58

L8.49

4.95

1. 51

2.60

0. 55

0.01

0.31

L.32

&¿
14" 01^ ^

3 " 75N.S "

1 . 14N. S"

1.97N.S.

0. 42N. S.

0.0lN. S.

0.23N"S.

Total 15 39.00

Tria]- 2

Disease (D)

Inoc. size (I)

Trap temp. (T)

DXI

DXT

IXT

DXIXT

Error

&¿
60 " 20^^

1. 5ON. S.

3 
" 
20N. S.

o 
" 
43N. S.

16. 43N. S.

0.18N'S'

2.82N. S.

I
I

1

1

1

1

I
I

46.58

1. 16

2.48

0. 33

T2.7L

0.14

2.L8

6.L9

46.58

1. 16

2.48

0"33

L2.77

0"14

2. 18

0 "77

ToËa1 15 71.81

**
Sígnificant at the

N's'Noa sÍgnificant at
17" leve1.

the 57. level.
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TABLE 9f. Mean number of peaks/chromatogram aver-
aged over the incubaÈion period for a mixed
E. carotovora infection wiÈh two inoculum
sizes and two ÈraP teDPeratures.

l"feans

Treatment
Trial 1 TrLaI 2

X Diseased

I Control

Ï l"rg" inoc.

I Sr"ff inoc.

1 lo c trrp

î. zzo c rrap

&
6.4 a^ 9.4 a

6.0 b

8.0 a

7.4 a

8"1 a

7"3 a

4.2 b

5.8 a

4.7 a

5.6 a

5.0 a

ov"l.r"" within columns foLlowed by the same

letter are not significantly (P = 0'05)
different by Tukeyrs test for ordered means"
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ll.Èh.t¡ol Ithrill Ithrool
l-Propenal/
2-Proprn@

A¡¡¡1) P!PA2) ar.¡ PtA Arã¡ P13^ Arar PI"A

tÎ - 7.1 ¡tn C-4 Pt¡

^¡Gr 
PI"A 

^rcr 
Plt^

1-lutaaol tI - 12.7 ¡t¡
ptpA A¡¡r p¡2A Aa.. Pl?A

3-ntóro¡y-
2-Dùtanæ ¡1 . lt.t rfr

l¡ú tl"A

1.74 . 0.4i1 .
0.93 b t.?t .

lrl¡l ¡

Dt¡Ú¡¡d
va

CGtrcl

L. læ.
vl

8. læ.

loc
va

22.Eo C

lllrl 2

DL¡e¡r¡d
Y'

C6trol

l. laæ.
vt

t. lnoc.

loc
vt

22.Eo C

3.15 ¡t l.l9 ¡

0.85 . 4.13 .

4.41 ¡ t.46 .
0.5ó ù 2.75 .

ô.57 r 34.19 ¡
l.6l b 4.13 b

0.69r I .

1r1¡

2.09 r 0.30 .
1.1b

3.41 r 5.08 r
1.96 b 1.04 r

3.59 . 4.03 I

2.26 b O.75 .

3.33.

2.48 t

4.22 . 4.O!, r

2.49 b 0.75 .

4.31 . 4.63 r

4.14 . 13.56 r

2.12 t 0.41 .

0.69 b 2.O4 r

2.66 t

2.10.

ó.6t ¡
ô.33 .

2.ú) t

2.80 r

3.69 .
9.42 .

4.12 ¡

3.05 r

31.?2 t
14.61.

2.65 |
1.43 ¡

2.L2 .
1.61.

1.97 r
1.03 r

2.69 .

0.3E r

6.00.

3.ll ¡

2.95 .
5.67 t

46,25 .
10.75 b

2.5i2

3.61

¡.20 r
3.ó9.

9.20 r
13.61 ¡

12.36 .
13.81.

2.93 .
2.ót r

2.72 .
l.2t ¡

5.ll ¡

l.9ll ¡

0.64 . 0.03 .
0.5ó r l.5O ¡

O.55 r 0.O2 r

0.66 ¡ 1.50 r

1.11 . 0.03 b

1.5ó t 1.25 r

1.25r I .

o.98 . 0.06 a

Arcr

4.31 r
0.70 b

3.EB ¡
2.33 ¡

4.47 'b

6.ó0 .

3.5o.

3.30 ¡

3.15 r
3.74 t

6.3t.
9.71 r

0.tc b

16.t5.

).61 t

2.?'' b

E.5E r
12.81.

3.54 ¡ 9.6ó .
3.33 . 15.97 .

2.41 t
1.96 r

4.19 .

1.13 b

ó.73 e

3.14 ¡

4.88 .

t.25 t

5.45 ¡
6.8ó r

29.09 r
15.0E .

15.13 r
4.5O r

2.5O r
3.14.

3.9t I

2.89.

l..Ol f

1.25.

0.4O r
2.53.

2.94 .

2.18 .

3.41 . U.90 .
3.31 . l4..rl r

3.4t r
2.95 .

1.32 t
1.96 ¡

0.61 ¡
1.

3.O3 ¡
2.95 .

4.50 r

5.42 t

3.5ó r
1aI

I

I

I

I

aI

I

0.53 . 5.32 I

1r3.74b
4.66 r
E.5o .

1.41.

l.

4.19 r
1b

4.8O ¡

4.t8.

1.22 .
1.

. 4.52.

. 3.53 .
11.63.

18.63 ¡
3.t5 ¡
6.(X' .

4.19 ¡

2.91 .

2.33 t
4.25 r

3.55 .
1.50 ù

6.25 .
!.63.

9.16 r 45.31 r
5.04 b 47.18 .

4.tB b 39.t5.

5.48 r 45.50 ¡

2.92 .
3,38 r

3.84 r
3.69 r

4.5t r
3.C2 ¡

3.93 r
4.41 ¡

1.31.

0.44.

5.06 I

4.25 .

3.97 r
3.41 r

1.25.

l.ót.

4.49 .

4.16 .

3.60 .

ó.06 .

14.20 â

13.63 a

3.90 ¡
4.2O a

3.O0 e

4.63 .

0.10 b

0,94 â

0.45 r
0.66 ¡

3.22 b 0.65 b

4.t5 . 2.ü) ¡

I - Îr.cc.
l)Tot"l ..". (Log of lntôSrrtor unlt¡).
z)Perce¡ta8e of totrl peâ¡( lrerr.
t¡tç¡ uithln coltm! follæe<t by tha .eæ hrtGr rrc not rl8nlflc.ntly (P . O.O5) dtf f€rcnt by ll¡ndnr ¡ t66t of ordered D'nt'

H
@
H



L82

TABLE th. Chromatogram signatures for E'
non-inoculated control treatments'

carotovora infected and

Trial 1

Signature a) for "t.""b) 
signaÈure for PTPAC)

Diseased

Control

c G KIH AB F J c H GAK F E J d

HKIBECAG dj HIKAECBGF:dj

Trial 2

Sígnature for areas Signature for PTPA

A¡E I F HC JD G C'A I E K H

IHGKAC D B.F j /TKHGcDAE

FJD b
Diseased

ConËrol-
Bi: fj

a)o'P"tk" 
significantly (P = 0"05) different from one another by

Duncanrs test for orâered means are not enclosed by the same

brackets. Traces are gíven as ssÊll letters'

b)log peak areas.

")P"t""rrtage of total Peak areas"
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TABLE 9i. Chromatogram signatuÏes for large and small inoculum

size treatmenËs.

TrÍal 1

SignaÈurea) for areasb) Signature for PTPAe)

Large
inoculum CGEHKBIAF J d c HIAGEKBFJ:d

Smal-1
inoculum

Large
Ínoculum

Smal I
inoculum

H CBKGE FJD6\ lHjC-'i/B K A G F E dj

Tría]- 2

Signature for areas Signature for PTPA

b G CIEAKHFJ :bd
--..'l

JD\AIEKF ltc

I 
^ 

tt FAI\DIUrII T\ GE IEKIlFh Dr: bj

t)P""k, significantly (P = O'05) different from one another by

Duncan's test for orâered means are not enclosed by the same

bracket. Traces are given as suÉll letEers'
o)ro, peak areas.

")P"t""r,t age of total Peak areas '
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TABLE 9J. chrornatogram sÍgnatures for trap temPerature treatments.

Trial 1

Signaturea) for areasb) Sígnature for PTPAC)

1.oo c
o

22.8 c

c HEGBA F K d c IH ABE GKF :dj

FE dI{BICG EA F J I H KG AD

TríaL 2

Signature for areas Signature for PTPA

10c GA EKCH FD JB ctc IAHEDF bj

22.90 C GA IFK H c JBD' G CIAHEKDFBJ

o.|

")p""k" significantly (P = 0.05) dífferent from one anoÈher by
---r^-^J ara nnl- aneloced tlv the Same

Duncan' s EeSE ror ulucl ts:s r¡¡serrÞ

bracket. Traces are gíven as small Letters'

b)log peak areas.

")P"t".r,tage of total Peak areas'

1
!
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The metabolites which, according Èo Ëhe test sÈatístics in Table 99 could

potentially be used to differentiate between the chromatograms for each

treatmenE, are summarized ín Tables 9k, I and m'

In the disease treatment analysis, the peak areas qf a number of meta-

boliteswerefoundtobesignificantlydifferentbetweentheE . carotovora

infected and control treaËments. l-Propanol, 1:butanol, and compound K

were found to be consistenÈ diagnostic factors in both trials' In all cases'

Ëhe average output of these compounds by the diseased treatments r^tas signi-

ficantly greater than that of the control treatments' Only l-butanol Íias a

consistent diagnostic factor in the PTPA values of the two trials' Hov'ever'

in Trial l, l-butanol was of greater relative importance in the control treat-

ment, while in Tria1 2, the PTPA value for l-butanol in the diseased treat-

mentttassignificantlygreaterthaninthecontroltreatment"

In the inoculum-size analysis, there were few significant differences

between the volatile fingerprints for the two inoculum sizes"

In the trap temperature analysis, t.here were relatively few diagnostic

factors and Ëhe degree of correspondence between the results in the two

experimental rePlicates was low.



1_ 86

TABLE 9k" Comparisons between signatures for E'
and non-inoculaËed control treatments'

carotovora infected

Characters Distinguishing BeEween Treatmentsa)

ConËro1

b ) Trial 1 TriaL 2Areas

BCEFGIK AEGKDiseased

PTPAC)

Díseased CG DGH

")an*rr"aers which differ significantly between the treatments'
b) Log peak areas.

Pereentage of total Peak areas"c)
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TABLE 91. Comparisons between sígnatures for large and smal1
inoculum size treatments.

Characters Distinguishing Between Treatmentsa)

Small Inoculum

Ar""b) Trial 1 TriaI 2

Large
inoculum E F

c) Smal1 InoculumPTPA

Large
inoculum

¿ 3

")Chart"ters which differ significantly between the treatments"
b)-

Log peaK are.1s.
c)-'Percentage of total Peak areas.
* 

No "hatacters 
different.
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TABIE 9m
ture

Comparisons between signatures for trap tempera-
treatments.

b)

Characters Distinguishíng Between Treatments a)

10c

Trial 1 TrLaI 2Areas

22.80 C
& GK

c) 10c
PTPA

22.80 C * DFHK

characters which differ signifícantly between the treatments"

Log peak areâs.

")P.t""rrtage of total Peak

a)

b)

'x No characters different.
areas 

"

¿.
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Experiment 10: Volatile Profile of Ring Rot c on1 um Infection

Disease s umma rv" The rate and pattern of dísease development amongst

the C. se donicum inoculated replicates was relatively uniform. The first

signs of disease became apParent on day 7 of the incubatíon period as the

tubers began Ëo crack and collapse. By day 13, the bulk of the tubers'

vascular and corËical tissues had been destroyed by the pathogen' All con-

Ërol treatments remained sound throughout the incubation period'

Attheendoftheincubationperiod,g.s.p.edo"!c"*bacteriawereiso-

lated fron Èhe bacterial seePage of all inoculated treatments' Plating of

the seepage showed that C. sepedonicum was the predominant organism, how-

ever, populationsofsecondarymicrofloraf^Terelargeincomparisontothe

E carotovora tests. Stap hv1 ococ cus. E. 4!, and yeasts were the predominant

secondary mícroorganisms.

Volat ile oroduction.ThetotaldailyvolatileoutputdatafromtheC"

seped icum and control treatments were plotted as an exponential function

in Figure lOa, along with the daily output values from the mixe

infection investigated in Experiment 4' The daily volatile out

c" sepedonicum treatments increased steadily untíl day 9 of the

period and then declined Èhrough to day 13' By day 9' the daily volatile

output of the C. sepedonicum Ëreatments was 735X gxeater than on day 1 (Table

lOa).Atday13,thevolatileoutputremainedatT5Xthatofdayl"The

total daily volatile output of the c. sepedonicum treatments \das consistently

greater than that of the controls (Table lOa). Averaged over Ehe entire incu-

bation period the volatíle output of the infected treatment l{as apProximately

45X greater than

(Tabl-e 10b) 
"

d E. carotovora

put of the

incubation

for the controls, a difference significant to the 1% level



FIGIIRE L0a. Dail-y toËal volatile production for C'

and control Ëreatments.
sep edonicum , E. carotovora,
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TABLE 10a" Relative total p"tk at"""l) for C sepedonicum experiment.

IncubaËion Period (DaYs)

1 3 5 7 9 11 13Treatment

ol

C" sepedonicum

Control

o. 12) o. I

0"1 0.1

1"3 100"0 2r.20"4

0"1 0"1 0" 1 0.3

14 "4

0.1

1)c. 
".p"doni"u* 

at day 9 = 100'

')u"r,r." = peak area/peak area C" sepedonicum d'ay 9 x 100'
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TASLE 1-0b. Pairwise comparisons of means of total peak ateasl)
averaged over the incubation period for C" sepedonicum' E'

carotovora. and control treaËments'

Pairwise
comparison

ltean (LOG1g) total integrator
response t Value

c

Control
(day 1-13)

sepedonícum
(day 1-13)

vs
6.46

4.80

9 "49^^

g. sepedonicum
(day 1-5)

VS

4.3L

6 "36

J¿

7 "5L

E carot ôvora
(day L-5)

c " sepedonicum
(day 1-13)

VS

E carotovora
(day 1-s)

6.46

6 "36

0"33N.S"

oou"lu", sígnificantly different aL the 1% level'
N'S'Vtl.r"s not significantly different at the 57" level'

1)"Log of sum of all individual peak areas'
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In Ëhe c. sepedonicum treatments, the number of peaks/chromatogram

increased steadily over the duration of the test period (Table 10c) ' The

mean number of peaks/chronatogram in Ëhe !. sepedonícum treatments lvas not

significanrly (P = O.05) different from the controls (Table 10d).

Linear regression equations I^7ere derived for the experimental treat-

ments, based upon the natural logarithms of the daily toË41 volatile output

values (Table lOe). Additionally, the natural logs of the c. sepedonicum

data were fitted to a Parabolic regression model. Although the C. sepedonicum

data did fit a straight-Line equation (P = 0.01), lhe fit to the parabolic

equatíon was more accurate (P = 0.0f)'

covariant analysis indicated that the slope and regression equation

derived for the C, sepedonicum treatments were significantly (P = 0"01)

rif€^¡¡nr frnm fhe eorration derived for the control treatments (Table 10f).
UIIIçIEI¡L vìeÞ--

schematic chromatograms rePresentíng the peak areas and PTPA values aL

three points during the disease cycles of a C. sepedonícum and a mixed variety

E. carotovora infection are presented in Figure 10b. The volatile profiles

could be differentiaÈed on the basis of a number of factors"

Based on the data for days 1 to 5 of the incubation period, the total

volatile output of the E. carotovora EreaLment rnras, on the average, 112X greater

than that for the C. sepedonicum treatment (Table 10b); a difference signifi-

cant aE the 17.Ievel" !{hen the data for the entire 13 day íncubation period

of the C" sepedonicum treaLment was included in the analysis there was no

significant dífference (P = 0.05) between the average total volatile outputs

of the E. carotovora and C. sepedonicum treatments'

A linear regression equaEion rlas also derived for the C' sepedonicum

treatments based on the natural logs of the total volatÍle output data from

days 1 to 5 (Figure 10a). This enabled comparisons to be made with the
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TABLE 10c. Number of peaks/chromatogram for c" sepedonicum
experiment.

Incubation Period (laYs)

Treatment 13 57 9 11 13

C. sepedonicum

Control

E" caroËovora
(Expt 4)

56 59111316

667691211

10 I 11
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TABLE lOd" Pairwise comparison of mean number of Peaks/
chromatogram averaged over the incubation period for
C. sepedonicum, E. caroËovora and control treatmenÈs"

Pairwise
compar ison

Mean number of peaks/
chromatogram t Value

C" sepedonicum
(day 1-13)

VS

ConLroI
(day 1-13)

9.4

8.1

I 
" 
46N'S'

C. seÞedonicum
(day 1-5)

vs

E" carotovora
(day 1-5)

5.3

1n Á

**
7 "6L

c

E

. sepedonicum
(day 1-13)

vs

" carotovora
(day 1-5)

Att

10. 6

N.S
L "27

oovtlrr", significantly different at the 1% level'
N'S"v"lrr.s not significantty different at the 57" leve1'
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TABLE lOe. Linear regression equat
resPonses of C. sepedonicum, E'

ions for Ëhe dailY total
otovora , and control

integrator
treatments.

2r
Treatment

!. sePedonicum
(day 1-5)

c seDedonicum
(day 1-9)

c sepedonicum
(day 1-13)

Equation

Yl) - e8.84+0.35Ï2)

y = e7 ,39+0'83X

- ^7.98+0.55Xr-e

y = e7 .5oro. g7î-0.03Ï2

o. 52N. S.

0"89^^

0"68^^

o "7 
g*x

o " 15N. S"

¿-L

0"85^^

Control
(day 1-13)

- 9 "29+O "O4XI-c

E " caroÈovora (ExPt 4)
(day 1-5)

y = "9.66+1.24X

t), 
= Total integrator response (integrator uníts) '

,\-t'Í. = rncubation Period (daYs)"
**síg.rificant at íne L% 1evel'

N's'Noa significant aE rhe 5% level'
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TASLE lof. Analysis of covariance for linear regression equations
calculated for the total inÈegrator resPonsest'' ot 9' i9!.999W,
E. carotovora, and conËrol treatments'

Pairwise
comparison F Test for sloPe

F Test for similaritY
beÈween lines

c sep edonícum
Jú

vs

Cont.rol

LT"74

-ç
seped cum (day 1-5)

L6.6 5
**

VS

E. carotovora (ExPt 4)

C" sepedonicum (daY 1-13)

10. 69vs

car otovora (Expt 4 )

** Dífference significant at tlne L"L level'
*
Dífference significant at the 57" level'

N. S.
Difference not significant at the 57' level'

l)Lr, of íntegrator units "

¿¿
10.7 4

18"55
¿ú

2.35N.S

E



FIGIIRE 10b. Areas and PTPA* values for chromatogram peaks at three stages

in C. sepedonicum and E. cagotovola infections.

*Per""rrtage of total Peak areas.

Peak A = Methanol"

B = Èthanal

C = EÈhanol

D= ?

E = l-Propano1

I = C'4 ComPounds

Ç = l-Butanol

H= ?

I = 3-IlydroxY-2-BuÈanone
1='l

X=?(Rt=15.6min)

X Axis = Chromatogram Peaks.

Y Axis = Peak areas.
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E. carotovora treatmenËs over equivalenË time franes. Based on the data

from days 1 to 5, the slope and general equation for the C. sepedonicum

regression line were signifícantly (P = 0.01) different from the values

calculated for the E. carotov a treatment (Table 10f). Based on Ëhe data

for days 1 to L3 in the !" sepedonicum trial, Ëhe slopes for the regression

lines renained significantly (P = 0.05) different, however, the overall

linear equatÍons vrere not significantly different (P = 0"05).

The peak areas (LOG19) and PTPA values, averaged over the entire incu-

bation period, for the major peaks in the chromaËograms of the mixed E.

carotovora infection, the C. sepedonicum, and non-Ínfected control treat-

ments are listed in Table 10g. Separate analyses were conducted using the

!" sepedo3icum data from days 1 Ëo 5 and from days 1 to 13. Table 10h

À - -----L: ^ ^: Ê-â&rru^^ ç^r +la^ ^^^1, o*oac anrl PTPA ValUgSconËa].ns Eng cnromaEogr.lPltru ÈjlBrréLLltsÞ !v¡' Lrrç t/ç4¡! qrvso

of the various treatments (see REFERENCE TABLE D for peak identification) "

Table 10i su;nmarízes the metabolítes which mighÈ be utilízed to differenEiate

between the ËreaËment profiles" When the C. -gggg"ig"* and control daËa for

days L to 5 were used, the treaËmenËs could be differentÍaËed on the basis of

the peak areas for eËhanol (CO>CS)' compound D (CO)CS), compound H (COICS),

and compound X (CS > CO). The PTPA values for ethanol (CO > CS), l-butanol

(cs>co), compound H (co>cs), and compound x (cs>co) were signÍficantly

different.

When the C" sepedonicum infection had fully developed, the peak areas

for methanol, ethanol, compound D, l-propanol, the c-4 compounds, and com-

pounds H, K, and X were significantly different in the C' seÞedonicum and

control profiles. In all cases, the output ËreatmenËs were significantly

greater than the controls" The PTPA values for ethanol (CO)CS), the c-4

compounds (cs > co), l-butanol (CS > CO), and compounds H (co > cs), K (CS ) C0) 
'

and X (CS > CO) were significantly dífferent'
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10h"TABLE Chromatogram signatures for a mixed E. carotovora infection
C. sepedonicum, and non-infected control treatments'

Treatment Signaturea) for areasb) Signature for PTPAc)

c

c sep t-cum
(day 1-5)

sepedonicum
(day 1-13)

E" carotovora

Control
(day 1-13)

XKA G F IE : bcdhj XKA G FIE bcdhj

c A EGl : bdhjx

GDAFIE Bil

F-ð AKEGIX bdhj F

KG DA F rÉ-f C¡H KìiIEH

CAHIDGF bej K AHlDGF : bej

t)p."k" signíficantly (P = 0.05) differenË from one another by Duncan's

tesË for oidered means are not enclosed by the same bracket. Traces

are given as small letters.
b)i,og peak areas.

")Put""rrtage of Ëotal Peak areas'

TABLE 10i. Comparisons between Ëhe chromatogram signatures for a mixed E"
carotovora infection, C. sepedonicum , and non-infected control Èreatments.

a)Characters Distinguishing Between Treatments

E carotovora
Control

(day 1-5) Control (day 1-13)

Area PTPAArurb) PTPAC) Area PTPA

C. sepedonicgm
(day 1-5)

C. sepedonicum
(day 1-13)

CDEFG}Ð( ACGIÐT

CFHIO( ACFGHIO(

CDHX CGITX

ACDEFHIO( CFGHIO(

Characters which differ significantLy between Lhe freatments"

Log peak areas"

Percentage of toÈa1 Peak areas.

a)

b)

c)
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In comparing Ëhe C" sepedonicum day 1 to 5 data with the E' carotovora

values Ëhe dísease profiles could be differentiated on the basis of the

peak areas for eÈhanol, l-propanol, the c-4 compounds, 1-buÈanol, and compounds

D, H, K, and x. I,Iith the excepËíon of compound x (cs> EID() the volatile pro-

duction values for the E" carot ovora infection were consisÈently greater

thaníntheC.sepedonicumtreatment.ThePTPAvaluesformethanol(CS>EW)'

ethanol (ElO(>CS), l-buËanol (cs >ElD(), compound H (EI0(>cs)' and compound

X(cS>E}D()weresignificantlydifferentforthediseasetreatmentS.

when the data for days l to 13 were included in the c" sepedonicum

analyses, the peak area values for compound D (ElD() CS), the c-4 compounds

(cS)EM()'comPoundH(E}Ð()CS),K(cs>El"D(),andX(cS>El"D()weresignifi.

cantly different for the disease treatments. The PTPA values for methanol

(cs > EID(), erhanol (ElO( ) CS), the c-4 compounds (cs > Elo(), l-butanol (CSþ Elß) 
'

compound H (Eì,D( >CS), K (CS) Eld(), and x (cs> EID() could be used to differen-

tiate bet!,teen the disease treatments'
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Experiment 11: Volatile Prof iles of Bacterial Cultures

The concentratíon of volatiles in the headsPace samples from the ino-

culated cultures íncreased by three to four times over the incubation period.

The three different E . carotovora treatments (ECC, ECA, and El"D() produced

relatively similar changes in the total concentration of volatiles above the

cultures. The total concentration of volatiles in the non-inoculated cu1-

tures remained relatively stable over the incubation period.

The pTPA values for the major peaks in the chromatograms of the inocu-

lated and non-inoculated cultures are presented in Table 1la.



TABLE lla. prpAl) value' from headepace eamples of E. carotovora var. atroseptLca (EcA)' E. .@ var'

".iãio.rott 
(ECC), and mlxed varfety (EMX) e$frl cultures'

1-propanal/
Èlethanol Ethanal Ethanol 2-propanone RT=7'1 mln

3-hYdrorY-
C-4 pks l.-butanol RT=12.7 min 2-butanone R1=17'8 oin

ECA

ECC

EMX

co

1.3 a*

0.7 a

2.3 e

Ta

1a

1a

1a

1a

6.6 a

1.3 a

Ta

Ta

19.9 a

I

1.6

Ta

1a

L.4 â

1a

1a

1a

1a

Ta

69.9 a

82.1 a

83.6 a

2.4 b

1.1 b

1.0 b

1.0 b

64.4 a

b

b

b

Tb

Tb

Tb

1b

1b

Tb

T t4,6 a 9.6 a

l)Percentage of toË41 Peak areas.
*v.lrr"" *rrnr.r coh¡mns folloçed by the sane letter are not signlflcantly (P = 0.05) different by Duncanre tesÈ

for ordered means
T = Trace.

No
o\
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SUMMARY OF RBSI]LTS AND DISCUSSION

Variability in the rate of disease development vùas a consistent problem

ín the jar experiments. The infections aPpeared to catch at different rates

in the various replicates. Once the disease had become established at one

point on the tuber, general decay was rapid due to the spread of the bacterial

seepage over the tuber surface' Generally the E" carotovora decay became

visible by day 5 to 9 of the incubation period. After 13 to 15 days, the

tubers were almost completely decayed'

Contamination of Ëhe control treatments with E' carotovora bacteria was

also a problem in the jar experiments" l'Ihether the infections arose from

bacteria not eliminated ín the sterilization process or were due to some

post-sterilization contaminaËion could not be determined' The manufacturers

specifications, as well as preliminary tests indicated that the described

sterilization procedure was effective in elimínating surface contaminants'

However, E . carotovora bacteria could have been l0caËed in the lenticels or

cracks ín the tuber surface. These Locations may not have been penetrated

by the Teramine. Although boEh varieties of E . carotovora l¡tere isolated from

the contaminated controls, the variety specific inoculated treatments did not

show any crossover contamínation" This would seem to indicate that the

E" carotovora bacteria !\rere introduced as contaminants after the sterilizaEion

process.

Staphvlococcus sp.r Clostridium and various yeasts dominated the secon-

dary microflora isolated

Population levels of the

from Ëhe bacterial seePage of the disease treatments"

secondary contamínants were low in comParíson with

Very few contamínants r"ere isolated from the
the E" carotovora levels.
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healthy controls.

The source of the contaminant organisms was uncertain. It is possible

they arose from populations sheltered within surface crackst or present in

the tubers' vascular system (ttayward L974)"

Although the populations of secondary microflora were relatively smal1,

their potential contribuËions to the volatile profiles should not be ignored'

For ínstance, the yeast could be expected to produce a wide range of short-

chain alcohols. These compounds were important components of the observed

profiles.

Harrison and Nielsen (1978) reported that pure E" carotovorâ infections

of potatoes had only a mild odor. Only when the normal secondary microflora

was allowed to develop did the decay take on the unmistakable odor normally

associated with rotËing Potatoes. However, the perceived strength of an oclor

is not necessarily a reliable Índicatíon of the concentration of all the

compounds in a headspace sample. Some of the compounds isolated in the

potatoes, volatile profiles are almost odorless (i.e. N-butanol)'

In the bag experiments, signs of decay !.,ere aPParent by day 2 of the

incubation period. By day 4 to 5, the accumulation of bacterial seepage

prevented the further sampling of the bags. By that Point' the test tubers

were totally disruPted.

Tuber decay was much more rapid in the bag than in the jar trials"

It is possible that the direct contact between the tubers and the plastíc

bag produced the localized anaerobic conditions vital to the E" carotovora

developmenE (Perembelon and Kelman 1980). There was also the potential for

the exchange of the pathogen from tuber to tuber withín the bags' This

exchange would tend to produce a rapid devel-opíng, relatively uniform infec-

tion.
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Inthebagexperiments,themicrofloracommuniËyandE"carotovorapopu-

lations isolated from the bacterial seepage were very similar to those

observed in the jar experiments. The contaminanË populations tended to be

lower than in the jar experíments, possibly due to the shorter period of

substrate avaírabilíty and population increase. Consequently, the signifi-

cance of the secondary contaminanËsr contributions to the volatile spectrum

should have been reduced relative to the situation in the jar experiments"

E caT otovora and Control Volatile Profiles

In both the bag and jar experiments' there rdas a dramatic íncrease in

the total volatile production of the inoculaËed treatments as the E" carot ovora

infection developed. In Ëhe jar experiments, total volatile production

increasedby36to2S0Xoverthe13to16daytestPeriods.Inthebag

experiments, productíon levels at the end of the 4 to 5 day incubation period

rangedfrom2X(Experiment5)Èo66X(Experiment4)theouEputatthe

beginning of the tests.

In the jar experiments, elevated volatile outPuts were consistently

detectable within 3 to 5 days of the introduction of the pathogen. In the

bag experiments, the elevated volatile outPuts were detectable within 24 h

of the injection.

The volatile metabolites produced in any gíven disease infection will

involve a combination of compounds produced by the host, by the paÈhogen,

and by the unique physiological,Processes involved in the host/pathogen

Ínreracrions (Richard-Moulard et 41. Lg76; Cole 1980; Abramson et al' 1980)"

Duríng the develoPment of an E' carotovora infection in Potatoes,

volatile production by the host tissues increases due to the increased meta-

boLic activities in the wounding resPonse andl or any pathogen resistance

Processes(VarnsandGlynnlgTg)"Volatíleproductionbythepathogenis
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dependent upon the type and availabiliËy of substrate, growËh conditions,

and most importantly, the pathogen population (Ilenis et al. L966; Richard-

MouLard 1976).

In both Ëhe jar and bag experiments, the rate of increase ín the totaL

volatile production from day to day was greater towards the end of the test

period" Except in cases where experimental variabiLity vtas excessive, the

total volatile ouËpuË data in boLh Ëhe jar and bag experíments fit exponential

equations for increase over the test periods.

ALthough paËhogen population levels Ì¡;ere not monitored during the tests,

under favorable conditíons paËhogen populations could be expected to increase

exponentially (Stevens 1974) " It appears thaË the exponentíal paËtern of

increase ín the total volatíle output could be a direcË reflection of the

--r-L^1i - --^â ^F +ha ar¡r.,ine ïìáfhoøen noouLatíon" A1 ternatíve1y, thelllgLd'uur!u PltruÉùÞcÞ v¡ Lrrç 6rvw-'¡ó

expanding pathogen populaËion could have been triggeríng a parallel increase

in Ëhe resistance actívities of the hosË, which would again lead to an expon-

ential type of increase in volatile metabolíte producËion" In the bag

Ëríals, the y íntercept (íncubatíon period = O hours) total volatile produc-

tion values tended to be much greater than in the jar experíments" This

would be expected as the volatíle production from a larger mass of potaËoes

was being ÍnËroduced as a concentrated sample into the gas chromatograph"

The slopes for the regression lines aLso tended to be steeper indicating

a more rapíd dísease developmenË in the bag experimenÈ.

In all experimenËs, chromatogram complexity (number of peaks/chronatogram)

increased somewhat as the infecÈions progressed. Thís was f ikely due to an

increase in the detectabilíty of the various comPounds as the total volatile

producËion increased" Changes in the metaboLíc processes of the pathogen

with changes ín the qualíty or avail-abilíty of substrate could have led Ëo
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the producËion of additionaL metabolites, Further, the developing secondary

mícroflora populations may have made some unique conËríbutions to the vola-

tíLe profiles as the incubaËion period progressed"

In the jar experiments, significant quantities of 13 compounds (four

unidentified) were detecËed in the volatile profiles of the E'gto-ggvglg

infected treatments (REFERENCE TABLE A), while 14 compounds (RXFERENCE TABLE

c) (fíve unidentified) were detected in the bag experiments.

All of the compounds that were tenËatively identified in Ëhe jar experi-

menËs hTere subsequently ísolated in the bag Ërials. It was not possibLe

to verify that the various unidenËified compounds Ín Ëhe respective seËs of

experiments were simílar. Hovlever, comparisons of the retention times of

the unknowns with Èhe identity-verified compounds indicated some similarities

betvleen Ëhe tr.lo sets of experiments; i.e", an unknown peak occurred between

Ëhe 1-propanaL/2-vropanone and 1-propanol peaks ín both trials.

The compounds ídentified ranged from C, to C4 an,l covered a nunber of

functíonal groupings, i.e., alcohoLs, aldehydes, ketones" A number of the

chromaËogram components identifíed in this sËudy vrere also Ísolated by Varns

and Glynn (Lg7g) in their work on the volatile profile of E. carotovora var.

atro tica i í.e., 3-hydroxy-2-butanone, ethanal, l-propanol, ethanol, 2-

propanone, 1-propanol, 2-methyl-1-propanol, and 2-butanone. A number of com-

pounds idenrifíed in this study were noË reported by varns and Glynn (1979);

i.e., methanol, l--propanal, l-butanol, and 2-buËanol" Varns and Glyne (L979)

also isolated a number of compounds which could not be deËected in this sËudy:

i.e", butane, methyl and ethyl acetate, hydrogen sulphide, meËhyl sulfide,

meËhyl dísulfide, and propanethiot.

In f.ight of Harrisonrs and Nielsenrs (1978) finding that pure E' carot-ol{sra
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infections !ùere relaËively odorless, iÈ might be suspected Ëhat Èhe highly

odiferous sulphur compounds deÈected in Varns and Glynnts study may have

been produced by secondary saprophyÈic microflora.

In general, the producËion leve1s of the individual volatiles increased

as the infectíon developed. However, the responses of the various com-

pounds !üere not identical" For example, in the bag experiments the output

of the unidentified cornpound wíËh a RT of 16.3 min increased very little

over the incubation period, while the ethanol levels increased by as much

as 2000X over the test periods. The same variability in compound production

vras observed in the jar experiments"

Chromatogram signatures, which involved the arrangement of the major

chromatogram peaks ín order of their average importance to the total volatile

nrrrnrrr ç:are ¿ewp-1 oned to facilítate the comparison of complex volatile Pro-vsçI,su

files obtained with differenÈ experimenËa1 treatments and replicates. In the

jar experiments, although the signatures developed for the diseased treat-

ments were not identical between experimenËs, they were similar in terms of

the relative imporËance and groupings of the various metabolites.

l-propanoL/2-propanone, ethanol, l-propanol, 1-butanol, and 1-butanol/

hyde/ 2-buËano1 were the dominant compounds, in terms of their peak area

values, in the E" carotovora profiles. Although the dominanË compounds díd not

occur in exacEly the same order in Lhe three jar experiments, they were always

contained !üithín one or two homologous groupings" Consequently, the

differences ín the acËual order of the compounds vuere not likely overly

important..

In general, the peak area and PTPA signatures were much less uniform

in the bag trials than in the jar experimenËs. Ethanol, the C-4 compounds,

l-butanoL, meEhanol, ethanal, and compound D dominated the volatile
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profiles of the E. çarotovora inoculated treatments' However, the importance

of these compounds relaËive to each other changed considerably from experiment

to experi.ment. The reason for this observed variability in the volatile

profíIes is oPen Ëo question.

In the bag experiments, disease development was extremely rapíd result-

ing in Ehe very short incubation períod. Consequently, the chromatogram signa-

tures were based on a limited number of data points. Given that the impor-

tance of the various peaks relative to each other changed during the develop-

ment of Ëhe infection (Figure 4a), iË could be expected Ëhat any variability

in the rate of disease development beËween the exPerimental treatments or

replicates would be reflected in significanÈly dífferent chromatogram signa'

tures.Inthejarexperiments,anyvariabilityinthediseasedevelopmenË

wouldbeaveragedoveramuchgreaternumberofdaËapoints,duetothe

extended incubation period. Conseguently, Ëhe chrornaËogram signatures could

be expected to be more stable. As previously discussed, variabilíty due to

Ëhe contributions of the secondary mícroflora should have been of relatively

minor significance. Variability due Èo erratic traP or G.C. performances

was not considered a Problem"

There !ías some overlap in the chromatogram signaËures prepared for the

E. carotovora infected treatmenËs in the jar and bag trials" EÉhanol, 1-

butanol, and Èhe c-4 compounds were amongst the more important compounds in

both sets of signatures" The variability in the relaÈive importance of the

remaining peaks reflected the considerable differences in Lhe rate and patterns

of disease development in the two series of experiments'

In both the jar and bag experíments, Ehe PTPA signatures closely mirrored

the peak area signatures in the order of importance of the various compounds'

However, the PTPA signatures tended to have fewer statístícally significant

peakgroupingsthaninthepeakareasígnatures"ThesystemutÍlizedfor
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calculating the PTPA values apPeared to introduce a measure of variability

which interfered with the separation of the Peaks ín terms of their relaÈive

imporËance to the overall profile.

Volat ile Production C acter is t ic s of Control Trea tments

The volatile production characteristics of the control treatments were

considerably different from the disease treatment profiles' In comparison

to the disease treatmenËs, the daily volatile production of the controls

remained very low and relatively stable over the incubation period' In the

jar experiments, the average total volatile outPut of the E " carotovora

infected treatments was 10OX (Experiment 2) to 80OX (Experiment 1) greater

than for the controls. In the bag experiments, the diseased treatment

average volatile outputs ranged from 2 to 20OX that of the controls, depen-

ding upon experimental conditions. l'lhen comParisons \^7ere nade solely on the

basis of the production values at the end of the incubation Period' the diseased

treatment volatile ouEputs were often 1O3X greater than Ëhe controls'

In the jar experiments, the control tubers produced a burst of volatile

produc¡ion at the very beginning of the incubation period. Varns and Glynn

(Lg7g) concluded that thisvolatile production was a non-specific host response

to wounding (i"e., the damage produced by the sterile needle)"

In both the jar and bag trials, the volatile production of the controls

tended to increase somewhat over the incubation period. In the bag experí-

ments, this increase in volatile production generally overshadowed any

twoundingt effect.

In the jar experiments, the natural logs of the daily volatile produc-

tion data for the control treatments showed a statistically significant fit

to the best-fit exponential regression lines. In the bag exPeriments' the

quality of fit varied due to the limited number of data points involved' In
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all the jar experimenËs, both the slope and the general regression equations

for the control treåËments were sÍgnificantly different from Ëhose derived

for the E. sæqqlqle ínfected treatments. In the experiments where Ëhe

data showed a signifícant fit to the regression equations, the slopes and

regression equations for the E" -caf"9L9Y9æ infected and control treatments

Ëended to be significantly different'

In both series of experinents, the regression equations reflected a

number of differences in Ëhe Patterns of volatile production' In most casest

the Y inËercept vras greater in the equations derived for the diseased treat-

ments. This indicated that even with the increase in volatÍ1e production due

to conËrol wounding, the diseased treatments tended to exhibÍt significantly

elevated volatile production levels very early in Ëhe incubation period"

The regression equatÍon slopes tended to be signíficanËly steeper in the

diseased treatments. This reflected the more rapid raËe of increase in -¡ola-

tile production/unit time thaË occurred in Ëhe diseased treatments' This

trend \¡ras more apparent in the bag experimenËs due Ëo the more rapid disease

development in these Ërials.

A total of eight compounds (a11 identífied) were detecËed in Ëhe vola-

tile profiles of the control ËreaÈments in the jar experiments (REFERENCE

TABLE A). In t,he bag experiments, 12 compounds (three unidentified) were

detected in significant quantities ín the various control ËreaLments

(REFERENCE TABLE C). In both the bag and jar experiments' aLL of the identity-

verified compounds in Èhe control profiles were also present in the E"

carotovora disease profiles.

Cmbining the daËa from the two exPerimental seríes, the only comporrnds

that r¿ere found in the diseased treatments but not in the controls were a

number of unidentífied peaks (RT = 8.2, 16.0, and 18"5 nin in the jar

experiments; 14.1 and 16.3 urin in the bag experiments)" These compounds

tended to be relativeLy unimportant in the volaËile profiles of the disease
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treatments (PTPA <L%). Consequently, the potentí4l for utilÍzing the

presence of these compounds to dístinguish between diseased and healthy

profíles would appear to be limÍted. Further, it should be stressed that the

deËecLion of any given compound is almost entirely dependenË upon the sensi-

tivity of the detection apparatus. The number of peaks/chromatogram for the

control Ëreatments tended to increase over the íncubation period" ThÍs again

could have been due Ëo changes in the metabolic patterns over the Ëest

period, but more f-ikely was due to an increase in the detectability of the

varÍous compounds as the total volatile producËion Íncreased"

On a day Ëo day basis, the control chromaËograms r,üere consístently less

complex than in the diseased treatments. In all of the jar experiments, and

mosË of the bag trials, the mean number of peaks/chromatogram, averaged over

the entire incubaËion period, irr ihe control profiles, Ìi'as significanËLy

lower than for Ehe infected treaLments. Even Ëhough Ëhere were few compounds

present in the diseased profiles whích vlere not at one poinË or another detec-

ted in one of the controls, the control profÍles could consistently be

dífferentiated from equivalent diseased profíles on Ëhe basis of their rela-

tíve compl-exiËY.

In the jar experiments, the signatures for the controls were not iden-

Ëical-, however, there were a number of similaríties in Èerms of the relative

importance and groupings of Ëhe various metabolites" l-Propanal/2-propanone'

eËhanol, l-propanol, l-butanol, and l--butanalf2-butanol were the

dominant compounds in terms of Ëheir peak area values. As ín the E'

carotovora s1gnatures, Èhe exacL order of these compounds in the control

sígnatures was not stable. Again, the dominant compounds tencled to be

incLuded within a single homologous grouping in the sígnature, indicating

that the precÍse rank of the compounds was not overly significant'
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In the bag experíments, the peak area and PTPA signatures for the con-

trol treatments were again much less stable than those for Ëhe jar experi-

ments" There was littLe consistency ín terms of the compounds that dominaËed

Ëhe signatures" In most cases, the majority of the compounds in the signa-

tures were included within one or ËÚlo sËaËistically homologous groupingst

indícating that Ëhe production levels of the various compounds was relaËívely

uniform. Any changes ín volatil-e production over Ëhe incubation period nusË

have been relatively non-sPecific, which agrees wÍth Varns and Glynn's (1979)

data on the non-specifÍcity of the wounding response of heal-thy tubers'

In both the jar and bag experimentsr the PTPA signatures for the con-

trols closely mirrored the peak area sígnatures ín Ëerms of the order of

ímportance of the varíous compounds. Again the PTPA signatures tended Ëo

1---- c---^- ^È^+'í^+i¡e'l 1r¡ qic¡nificant peak groupings Ëhan in the peak area
navg .Lgwgi. ÈtL4LrÐLrç4r¡i o¡ô(r¡¡¡YÞ

si gnatures 
"

The chromatogram signatures developed for the control and diseased

treaËment.s in the jar experiments were relatively símilar" They contained a

simil-ar range of compounds and the same grouP of compounds (I-proPanaLl

2-propanone, ethanol, l-propanol, l-buËanol, and l-butanal /2'but'anol) were

dominanË in both sets of signatures. rn each of Ëhe jar experiments, when

Ëhe average peak areas (LOG'') for the varíous chromatogram comPonents were

conpared, a number of signifícant differences were found between the pro-

files of the E. caroLovorC infected and control treatments (Tables 1g and 2i)'

In all cases, the diagnostic dífference between Ehe profiles was due to vola-

ËiLe outpuËs of the diseased treatment being significantly greater than those

of the controls" However, in the two jar exPeríments, there \¡tas no single

compound which, in both trials, occurred at significantly different levels in

Ëhe diseased and control profiles'
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ComparisonsbetweenthesignaturesforEhediseasedandcontroltreat-

ments in the bag experiments !üere complicated by the variability of the signa-

tures.Therangeofcompoundsinvolvedinthesignatureswassimilar'buta

dominant group of compounds in the control signatures could not be isolated"

IncomparingÈhemeanpeakarea(LoG1g)valuesforLhevariousmeta-

bolites, significant differences were again discovered between the diseased

and control profiles in each of the different bag experiments" Again' in

almost all cases, the diagnostic differences !ùere due to the significantly

greater volatíIe production by the diseased Lreatments' In comparing the

results for the various experiments, it again became aPparent that there \¡'as

no individual or consistent group of compounds which occurred in significantly

differentquanËitiesinallofthediseasedandcontrolprofiles.
¡|ah^¡911êêofthisineonsistencyinboththejarandbagexperiments
IllE ç4uev

was excessive experimental variabílity introduced by the uneven development

of the diseased treatments and the erratíc volatile production of the con-

trols.Therev'eremanycaseswheretheaverageproductionlevelofacom-

ponent in the diseased treatment profile was 100x greater than in the con-

troLs, but the dif ference !''as not statistícally significant"

Excessive experimental variability also obscured any consistent differ-

ences between the pTpA values for the individual compounds in the control and

díseased treatment Profiles.
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lJounded and Non-I{ounde d Contro 1 Compar ].SOnS

AnysurfacedamageorpenetrationofPotatoestriggersthetubersI

localized disease resistance and wound-healing mechanisms (Líchtovích et al'

1967). The íncreases in metabolic activity linked to these defense res-

ponses are reflected by an increase in the volatile output of the damaged

tissues (Varns and GlYnn L979) '

InalltheexperimentsconductedinthisStudy,theProcessofintro-

ducing the selected pathogenic bacteria entailed some wounding of the tubers'

In order Ëo determine the tuber response to wounding, a1-1 control treatments

were !ùounded in an identical manner. InterestinglY, in many cases the woun-

ded control treatments shov,red very significanË volatile production levels'

In some cases, t.he volatile production levels were similar to those of the

inoculated treatments (Table la). The volatile production 1evels of the

controls tended to increase over the íncubation period (Table la; Figure 4b)'

These results do not agree with the concePt of the wounded response as a

short-term (1 to 2 day) reaction which peaks immediately after the damage

occurs (Lichtovích et al. L967 ; Varns and Glynn 1979) '

In two experimental trials 'healthy" non-wounded controls were moni-

toredÍnanattemPttodeterminewhetherthewoundingeffectalonewas

responsible for the previously observed volatíle production patterns of

the wounded control (CO) treatments. Given that the non-wounded potatoes

were being maintained in a uniform suitable environment, ít was expected

that their metabolism and therefore their volatile outPut patterns would

remain relatively stable over Ëhe incubation period'

UnforËunatelyrcontaminationofseveralreplicatesofboththe

wounded and non-wounded treatments sharply l-irnited Èhe validity of any com-

parison that could be made between the treatments. In general, the total



220

volatile production of the non-wounded controls was significantly lower than

for the wounded treatment (Figure 5a) which is consistent vrith the concept

of wound-induced volatile production. Hol'¡ever, as in the previous observa-

Eions of the wounded controls, the total volatile production of the non-

rvounded controls increased steadily over the incubation period' This would

seem Ëo reduce the likelihood that Ëhe inoculation-related wounding was the

root of the escalaÈing volatile production of the wounded controls. The

cause of the increasing volatile producÈion by the wounded and non-wounded

controls is uncertain" It is possible that the volatile build-up could have

been índicative of the growth of contaminant microbe populations even though

no significant populations I/\iere recovered" Alternatively, íf the incubation

environments vJere in some respect unsuitable for the tubers, Èhe resulting

sËress reactions could have led to the increased volatile production

(Varns and GlYnn L979) "

The relationship between wounding and volatile production, as well as

the volatile production characterístics of 'healthy' tubers require more

thorough ínvestigation.



22L

Comparíson of E. carot ovora var. carotovora and E. carot ovora var" atroseptica

The division of the E" carotovora species into a number of varieties

was based on the results for a number of very specific biochemícal tests

(rye fgOg; Graham L972; De Boer and Kelnan 1975). The !. carotovora varie-

Èíes also show different temPerature tolerances'

IntermsofmostaspectsoftheirphysiologyandphysiochemistryrECC

and ECA are extremely similar" The primary metabolic pathways and associa-

ted enzymes systems are identical (Graham L964; Starr and chatterjee L972) '

The histopathology and pathogenic characteristics of the varieties are essen-

rially indistinguishable (Graham 1964; Perembelon and Kelman 1980) " Both

varietÍes are coûtrnon pathogens in potato storages. In order to allow for

the comparison of the volatile profíles of the E' carotovora varieties , meta-

bolite monitoring tests v,tere conducted using an incubation temperature thaL

was in rhe optimaL growth range of both ECC and ECA (22o C) 
"

In the two jar exPeriments, the E" carotovora varieties Performed

relatively consistently, yielding stable volatile profiles' There were

no appreciable differences in the overall volatile producËion patterns of

Ëhe two varieties. The rate of increase and Èhe scale of the total vola-

tile outputs/unit time were relatively similar for ECC and ECA (Figures

2b and 3a).

Three of the bag experíments involved comparisons between the E'

carotovora varieties" In Experiment 6, different strains of the varieties

ü,ere tested and the data for the different strains for each variety !'rere

combined to allow for a comparison between the varieties. In Experiment

8, the varieties were Èested at different incubation temperatures, only

the data from the 22o C trial- was considered in this analysis, as the

t.emperature effect was signifícant" In the individual bag experiments' the
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vol-atile producËion characteristics of the E' -g.g!'q\fqLC varieties were

ofËen signifÍcantLy different. However, these dífferences vtere noË con-

sÍstent; completely opposite reacËions ofËen occurred within replicates of

a single experÍment. Extreme, yet inconsistent variability in the rate of

development of the E" carotovora varieties in the different experíments

made comparisons between the varieties very difficult"

In both the jar experiments, the Ëotal daily volatile outputs of

both E" carotovora varieties increased exponentially over the duraËion of

Ëhe incubatíon period. CovarianË analyses did not produce any conclusive

evidence for differentiaÈion of the E" carotovq¡e varieties on Èhe basis of

either the slope or the general equations for Ëhe volatile production res-

ponses (Tables 2f and 3d).

In the bag experiments, the daíly volatile production daea for the

different E" car ot ovora varieties usually showed a significant fit to the

exponential regression equations (Tables 5a, 6e, and Ba). The results for

the covariant analyses of Èhe regression lines for the E. carotovora varie-

ties were erraËic. The results in each experiment reflected the varÍability

in the raLes of disease developmenË"

In both the jar and bag experÍments, the disease varietíes could not

be differentiated on the basis of the daily volatile production leve1s,

nor \¡rere there any consistent differences in Ëhe average total volatíLe

output levels of Ëhe ECA and ECC ËreaËments (Tables 2c, 5c, 6k, and 8c) '

In both Êhe jar and bag experiments, all recorded meEabolites were

comlnon to Ëhe profiles of both disease varieties (REFERENCE TABLES A and c),

although differences vTere noËed in the chromatogram complexity (nunber of

peaks/chromatogram). These differences I¡7ere not consístent enough to jusËi-

fy differentiation of the profiles of Ëhe E . carof ovora varieËies.
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The metabolite signatures for each of the E. caroËovora varieties were

not consistent ín the tvJo jar experiments. Different compounds dominated

the signatures in each case, although in both experimenÈs the prirnary

components tended to be included within the first or second homologous

peak groupings.

The variety signatures appeared to more closely resemble the signa-

ture of the other E. carotovora variety ín the same experiment more than they

resembled the signature of the same variety in a different experiment (Tables

2h and 3f) " It would appear that the variability from experiment to experi-

ment !üas more signifícant than any differences between the disease varieties.

In the bag experiments, the peak area signatures developed for the

E. carotovora varieties \^rere even less stable t.han those developed Ín the

jar experiments. There riüas very Little consistency in compounds that domin-

ated the signatures. The signatures continued to be divided into a number

of distinct homologous groupíngs, indicating that the lack of a consistent

group of dominant compounds was not due to uniform production levels for

the varÍous comPounds"

In both the jar and bag experiments, the PTPA signatures tended to be

somewhat more stable than Ehe peak area signatures. In the jar signatures

for both disease varíeties, 1-propanoLl2-þropanone and ethanol were Ëhe

dominant peaks in terms of their PTPA values" In the bag experiments,

methanol and ethanol were consistently within the dominant grouP of peaks

in the pTPA sígnatures of both E" carotovora varieties" From these daËa,

ít would appear that Ëhe system utilized in calculating the PTPA values

was effective in avoiding some of experimental variabílity encountered in

the peak area signatures.

All comparisons of the signatures for the varieties were complicated
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by the variability !,iiËhÍn the signatures for each variety" In comparing

the rnean peak area (LOG10) values for Èhe various metabolites in the jar

experiments, a number of statistically significant differences were found

between the profiles of the !. carotovora varieties (Table 2í and 3g) '

However, there v,rere no diagnostic metabolites common to the two experimenËs,

each yielded a completely unique range of diagnosEic characteristics"

Further, there was no consistency in terms of which of the E" carotovorg

varieties produced the significantly greater amount of the diagnostic

metabolites.

In the bag trials, there were relatively few significant differences

between the peak area values for the major metaboliËes in the profiles of

the E. carotovora varieties (Tables 59, 6n, and Bi)" Again, there vras no

indir¡idual or group of compounds which could have been used to differentiate

between disease varíeties in all of the bag experiments'

There !ùere no consistent differences in the PTPA values of the various

metabolites rvhich couLd have been used to differentiate between the ECA

and ECC profíl-es in either of jar and bag experiments"

Insummary,inboththejarandbagexPeriments,noconsistentdiffe-

rences were apparent in the volatile profíles of the E. carotovora varie-

ties. tr{heÈher this indicated that the varieties were similar in terms of

Èheir volatile production characteristics under these test conditions

remained uncertain due to the excessive variabí1ity encountered in all of

the experiments.
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Different íation Between Strains Within E. carotovora Varieties

In previous experiments, the perfornance of the E" carotovora varieties

had been erratÍc. In Èheory, this variability could have been linked to the

viability/pathogenicÍty of the test strains of E" carotovora. These experi-

ments were designed to determine whether the disease resPonses varied with

different strains of bacteria" The previously utílízed strains of ECA and

ECC were compared against various additional isolates"

The performance of the various strains ín the two trials was extremely

erratic" The relationships between Ehe volaËi1e profiles of the various

strains of each E" carotovora varieËy were not stable'

ïn both trials, ECA1 consistently produced greater total volatíle out-

puts than ECA2, but the difference l{as significant in only one Èrial (Table

6c). There were no consistent differences ín the total volatile outputs

of the three ECC strains"

The covariant analyses of the regression equations developed in Trial

I indicated that there were signifícant differences between the rates of

volatile production by the various strains (Table 6c) " However, in light

of the observed variability in the performance of the strains, the validíty

of any comparisons based uPon a single experimental trial would be question-

able 
"

In both trials, all major chromatogram peaks !üere common Èo the vola-

tile profíles of the various straíns" However, the ECA1 chronlatograms

lrere consistently more complex than those for ECA2' The ECC strains did

not show any consistent differences Ín chronntogram complexity (Table 61) '

The chromatogran signatures for the strains of each E' carotovora

variety were relatively similar in terms of the dominant compounds and

the peak groupings. Again the sígnatures for the different strains in
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each trial tended to resemble each other more than the signature for each

strain nratched the signaËure obtained in the other triaI. Comparisons of

the peak area and PTPA values díd noÈ indicate any significant differences

between the profiles of Èhe various strains tested for each E' carotovora

var íe ty 
"

Í.Ihen the data from the respective strains for each E" carotovoga variety

were pool-ed, the volatile production characteristics of the E" carotovora

varietiesweresimilartothoseobservedinpreviousexperiments"

Innatural.populationsofanypathogen,geneticvariabilityinthe

population leads to diversity in the relative pathogenicity of the various

strains of the pathogen (Day 1978)" In laboratory cultures, selection

PÏessuresnotnormallyencounËeredinnaturalconditionsmayleadtothe

development of aberrant or attenuaËed populations (stanier et al " I976)"

Consequently,theutiliza1ionofseveraldistinctpathogenicity-verifÍed

strains Ís considered desirable in any pathogenicity study' This would be

particularlyirnportantinanalysisofanysoftroËinfectionsíncetherate

anddegreeofhostdecaycouldrintheory'bestronglyinfluencedbythe

víability and relaËive pathogenicity of the E. carotovoJa strain (Poff L979;

Perembelon and Kelman 1980) '

Insummary,thevariousstrainsofECCtestedappearedtohavevery

similar disease characteristics and volatile production profiles' The ECA

strains could be differenLiated on the basis of Lheir total volatile pro-

duction characteristics but comparisons ínvolving individual compounds did

not indicate any consistent differences. The differences in total volatile

productionapPearedtoreflectdifferencesintherateofdiseasedevelop.

ment in the two ECA sËrains'

InallexperimentalËrials,theexperímenttoexperimentvariability
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had a more significant impact on the vol-atile profiles than any differences

between Èhe various strains of each E. carotovora variety.
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Incubat ion Temoerature Effects

TemperaËure could be expected to have a very signíficant impact upon

the volatile production and díffusion characteristics of both healthy and

E. carotovora infected potatoes. The growth of E' carotovora ceases

below 4o C, reaches a maximum at about 25 to 30o C (QfO cl 2), and ceases

again above 37 to 39o C depending upon the E. carotovoga variety involved

(Perembelon and Kelman 19BO). The wound-healing and disease resistance

reactions of the potato are also temperature dependent. Commercial storage

temperaËures are elevated to around 150 C to Promote maximum wound-healing

in the ne\¡i croP before the sËorage is cooled to the optimal longterm storage

temperaËure (Nash 1978). Because the rate of metabolic activity in both

the pathogen (E. carotovora) and the hosË are temPerature dependent, it

1 r -i - - L ^^p^J +1-ror +ha retø nf wnl af ilp metabolíte production bycou.Lo al.so ug cl{PcuLçu LrreL Lr¡e !s

the host/pathogen interaction would also be temPerature dependent"

The rate at which a metabolic volatile ís released from a biological

system is dependent uPon the rate of diffusion from the compoundts point

of origin. Diffusivity is, in turn, a temPerature dependenE phenomenom

(Kolb L976a, b). Further, the activity or voLatility of the various

metabolites would also increase as the sysËem temPerature increased" Thís

would also tend to increase Ehe rate of volatile release from the tuber

tissues"

In previous experiments, the tubers had been incubated at 22o C'

Clearly, the volatile production and díffusion characteristics at this

temperature would be expected to differ from the situation aÈ normal

storage temperatures (B to 12o C) '

The rate of development of the visual symptomology (i.e. bacteria

seepage and tuber collaPse) in the inoculated treatment was clearly
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temperature dependent" LE 22o C, decay was complete within 5 days, at 9.80 C

the destruction vras somewhat slower, and at 4.1o C, the ínfections were still

restricted to the ínoculaÈion site at the end of the incubation period"

In general, Ëhe total volatile outputs of the diseased and control

treatments exhibited the expected lncrease with increases in

Ëhe incubation temperature. In some cases, the average volatile outputs

of the high temperature control treatments !üere significantly greater than

those of the diseased treatments being held at a lower temperature (Tables

7a and 8c). On[y the difference in volatile production beËween tkre 22 and

4"10 C incubation temperatures was significant (Table 7e), but in the second

experiment the average peak areas of the 22 and 9"Bo C treatments were also

significantly different (Table 8c). In most cases, the diseased and control

treatmenLs !üere affected Ëo a similar degree by the changes in the incubation

temperature (DXT interactions non-significant), but the ECC and ECA treat-

menËs responded differently, as will be discussed ín a subsequent section"

The regression equations for the daily total volatile outPut also

reflected the importance of the incubation temperature" The Y intercepts

for each treatment at the higher incubation temPerature tended to be greater

than at the l-ower temperature (Tables 7b and 8a). This greater initíal vola-

tile productíon may have been related to the more Pronounced wounding res-

ponse at the higher temperatures. In the first experiment, the slopes of

t.he regression equations for the diseased treatment became progressively

steeper as the incubation temPerature was increased" The rate of disease

development and consequently the volatile outPut were clearly strongly

influenced by the incubaËion temPerature. The same trends were aPParent'

but less distinct, in the second experiment'

Altering the incubatíon temperature díd not lead to any differences
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ín the range of volatiles detected for each treatment" Despíte the expected

decrease in the production levels of the individual compounds at the lower

temperaËures, concentrations were sufficient to allow for detection of the

compounds. However, the mean number of peaks detected in the daily chroma-

tograms r^ras sËrongly influenced by the incubation temPerature' For all

treatments, each increment in the incubation temperature resulted in a

significantly greater chromatogram complexity than the next lower tempera-

ture (Tables 79 and 8f). Again, it was noE unusual for control treatments

at a higher ÈemPerature to have a greater average number of peaks/chromato-

gram than diseased treatments at a lower temPerature'

Changes in the íncubation temperaËure could potentially alter the sig-

natures for the individual metabolites in one of two ways; 1) if the changes

in the production of the individual meEabolítes are non-specific and rela-

tively equivalent, the peak area and PTPA signatures at the various tempera-

tures could be expected to be relatively símilar; 2) if the changes vrere not

equÍvalent across the volatile spectrum, the result would be significantly

different peak area and PTPA signatures at the various temperatures' The

1aÈter seems the more likely Pattern" In previous experíments, it had been

found Ëhat the volatile production pattern (amounts and ratios of compounds)

was not consisLent over the duration of the incubatíon period' Consequently,

if changes in the incubation temPerature produced ínequalities ín the rate

of disease development or wound healing, these inequalities would be reflected

as variability in the metabolite signatures. Additionally, the vaPor

pressures of the individual compounds would respond differently to any given

temperature change (Appendix A ). In theory, the differential response

should lead to changes in the relative importance of the various metaboLites'

In conparing the peak areas or PTPA val-ues of individual metabolites
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across íncubation t,emperatures, it would be expected that if the changes in

volatiLe output rvith temperature were non-specific there would be consistent

differences in peak areas (high ) low temPerature), but the PTPA values for

the individual metabolites should remain relatively stable. However, if the

changes in the volatile sPectrum with temperature hTere non-equivalent then

signifícant dífferences in both the peak area and PTPA values could be

expected. It was difficult Ëo make comParisons bet!üeen the peak area and

PTPA signatures for each treatmenË in t.he first experiment. The peak

rank was noE identical at the various temPeratures but the same group of

dominant compounds always occurred within the firsË or second homologous

groupings (Table 7i)" In the second exPerimentr the results of the signa-

ture comparísons were inconsistent in the two tríals (Table Bm) " In the

fírst tria1, both Èhe peak area and PTPA signatures varied considerably

from the Z2o C to t.he 9.Bo C íncubation temperatures. This would seem to

indicate a non-equívalent volatile profile change with temperature changes.

Hov¡ever, in the second trial the signatures at the two incubation temPera-

Ëures T^rere very similar. This would seem to indicate an equivalent change

in volatile production with changing temPerature'

In the first experiment, there \¡iere very few individual Peaks with

significantly different outPut 1evels at the various temPeratures (Table 71)

It would seem likely that the expected differences in the peak areas \47ere

not detected due to excessive variabilíty, sÍnce the total peak areas con-

sistently indicated differences betr^7een the various incubation temperature

treatments. In both trials of the second exPerimentr the peak areas for a

number of compounds were significantly different at the two incubation

temperatures (faUle 8n). As was expecËed, in all cases the differences

were due to the greater outputs at the higher temperature. There were also



232

a number of compounds that exhibited significant shifts in their relative

importance (PTPA value) as the incubation temperature changed. However,

the two trials showed no consistent changes; most compounds were found to

have changed significantly ín only one of the trials" In some cases, a

compound became more significant as the incubation-temPerature increased

in one trial and less significant in the other" It would appear that very

few conclusions as to the potential effect of Ëhe incubation temperature

on the volatile profíles could be drawn from the data for the individual

peaks. Variability r,,as excessive in all trials.

In summary, the íncubation temperature had a signifícant impact on

the volatile profiles recorded for both E. carotovora infected and healthy

tubers. This impact was related in part to temPerature dependent changes

i- ÊL^ -^+^L^r 4 a aa¡i.,ir-., inr¡n1r¡od 'ín t-he host/oathosen interaction. Addi-
III LIIE: lllts:Leuur!e qeL!v ¿eJ -!_- --v- ?¡ f

tíonally, the potenËially significant physical processes of metabolite

volatilization and diffusion were also sensitive to temperature changes.

The combined impact of these tv,,o factors affected both diseased and

healthy treatments. Total volatile production for any given treatment

could be expected to increase as the temPerature increased" At lower

temperatures, the differences between diseased and control profiles became

progressive less dístinct. The short incubation períods utí1ized in these

experiments were not sufficíenË to allow for the detection and monitoring

of the very gradual changes in metabolic activity and volatile outPut that

are characteristíc of slow developing infections'

The patterns of production of the individual components of the volatile

profiles could also be expected to change with the incubation temperature"

This factor could become significant when comparisons are made between

profiles obtained under different conditions"
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Clearly, Ëhe potential impact of temperature musË be seriously consi-

dered prior Ëo the utlLizatíon of volatile monitoring as a technique for

the detection of disease deveLopment in commercial storages.
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Incubation TemPerature X E. Variety Effects

The relative rates of develoPment of E. caroLovora var. at.rosept ica

and E. carot ovora var. carotovora are t emperature dependent (Perembelon and

Kelman 19BO). In ordef to ascertain the impact of temperature-induced

differences in the rate of disease development on Ëhe volatile outputs of

the E. caroËovora varieties)tests were conducted at temPeratures that pro-

mote both equal and differential growth of the E' carotovora varieties.

The ECC and ECA Ëreatments did not show any differences in their visual

symptomologies at the two íncubation temPeratures (22 and 9.80 C). Averaged

over both incubation temperatures, the mean total volatile outputs for the

ECC and ECA treatments were similar" Hor,¡ever, in both trials there was

a significant disease treatment. X incubation temperature interaction' At

9"80 C, Èhe ECA treatment consistently produced Sreater total volatile out-

puts than ECC, while aE 22o c, the ECC outputs \¡tere consistently greater

than ECA (Table Bc) " Although the differences were not always statistically

significant, they agreed with the expected patterns' At 9.8o C, the ECA

infections would have been expected to develoP more rapidly than ECC

(Perembelon and Kelman 1980). Although 22o C is in the optimal range of both

varieties, it is possible that differences in isolate performances could

have produced the consistenE differences between the varieties"

The volatí1-e production regression equations for the ECA and ECC

treatmen¡s at the two incubation temperatures rdere not consistently

different. However, visual inspection of the lines índicated the existence

of variety specific differences in the response to the incubation tempera-

Ëure. At 22o C, the daily volatile production of ECC is consistently

greater than for ECA, whil-e at 9.8o C, the opposite \'ras true (Figure Ba)'

There v,rere no temperature dependent differences in the range of com-

pounds detected ín the volatile profiles of the E" carot ovora varieties.
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However, at 9.80 C the EC,A chronatograms v,rere consistently more complex

than Ëhose of ECC, due to more rapid development of the EcA infection at

this tempera¡ure (Table 8f)" AE 22o C, Lhe ECC and ECA chromatograms were

equally comPlex.

The data for the indívidual peaks did noË indicate any temPeraËure

dependent differences in variety performance. Given that the Peak area

and pTpA signatures for ECC and ECA were relaËively similar at 22o C, ít

might be expected that at g.Bo C any difference in the relative progression

of the ECC and ECA infections rnight be reflected ín the peak areas and meta-

bolite signatures. When making statistical comparisons bet\"'een the indivíd-

ual metabolites, it might be expected that at 9.80 c the ECA profile should

contain a number of compounds at signíficantly greater levels than in the

ECC treaËment. However, ín both trials the signatures for ECC and ECA

at g.Bo C were no more distinctive Ëhan at 22o C (Table 8m). Further,

there were no more sÍgníficant differences between the ECC and ECA profiles

than at 22.0o C. Any differences were equally divided in Ëerms of whích of

the E. carotovora varietíes was producing the greater outputs" rË would

appear that the sensiLivity of the individual peak area data to experimental

variability obscured any temperature-specific differences in the performance

of Èhe E. carotovora varieties'

In summary, the disease development and volatile production patterns

of ECC and ECA were relatively símilar aE 22o C' However' aE 9'8o C' the

more rapid development of the ECA treatmenL lead lo significant differences

in the volaËile Profile of the E' otovora varietíes. The exLreme speedcax

at !ühich the infectíons developed when the incubation temperature !üas

increased beyond 25o C made it impractical to utilize Èhe higher temPera-

tures which favor the development of ECC over ECA (Perembelon and Kelman
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1980).

These results again illustrate the importance of the relationship

between the rate and degree of dísease development and the volatile produc-

tion patterns. Disease organísms which had produced very similar disease

profíles at one temperature produced different profiles at a temperature

which resulted in differential growth of the pathogens being monitored"

This interaction between the factors influencing pathogen development and

the resulting volatile output may be of considerable significance in terms

of the potential for util izíng volatile monitoring as a disease detection

system in commercial storages.
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Inoculum- Size Comparis ons

In E. caroË ovora infections of potatoes' the importance of the size

of the initial inoculum is dependent uPon various environmental conditions'

If storage conditions have led to an oxygen deficit at the infection siËe'

very few bacteria are required to initiate an infection (De Boer and Kelrnn

Lg75). If, however, the Ëuber Èissues have an adequate oxygen supply' decay

will not occur unless Ëhe number of E' carot ovora bacteria present at the

infection site is sufficient to produce local ized anaerobiosis (De Boer and

Kelman 1975).

In our tests, the pre-inoculation soaking of the tubers and the post-

inoculatíon mistings were designed to induce Euber anaerobiosis, thereby

promoting the rapid and uniform development of the E' carotôvora bacteria

" )! r^"^lnnmanr as indieated by both visual inspection and
HoI{ever r ursgilltc uEvs¡vy'rur¡', -È

the volatile production patternsr was erratic in many of the experímental

trials.Itwouldseemthatthetubertreatmentswerenotalwayseffectíve

in rendering the tuber imnediately susceptible to infection' In some cases

the dísease took hold without an appreciable delay' whereas in other repli-

cates, there !üas an iniËial lag followed by the normal rapid development of

theínfection"Basedupontheassumptionthatthetubertissueswerenot

anaerobic, this initial delay may have rePresented the period necessary

fortheE.carotovorapopulatíonsattheinjectionpoíntstoreducelocal

oxygen tensions to the decay thresholds'

Itmightbeexpectedthatvariabilityinthesizeoftheinitial

bacterialpopulationateachinfectionpointwouldbereflectedinthe

lengthofthislagperiod.Experimentsweredesignedtodetermineif

variabil íty and/or 8enerally insufficient infection site bacteria popula-

tions Í¡ere responsible for the erratic disease development and volatile
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production Patterns observed in prevíous experiments"

In both trials, visual observations did noÈ indicate any significant

differences in the rate of disease development between the Ëwo inoculum

size treatments (sI = regular size and LI = 2X regular). Due to the experi-

mental design used in both trials, the inoculum-size effects were confounded

with the disease treaÈmenËs and trap temperature effects. Ilowever, in all

statisÈical analyses, the two- and three-way ínteractions between the inocu-

rum size treaËments and the other experimental variables were non-significant.

Consequently, aL1 comparison of the LI and SI treatments vJere based on the

pooled disease treatment and trap-temPerature data"

The volatile production Patterns for the Ëwo inoculum sizes were rela-

tively uniform" In both trials, Ëhe total volatile output averaged over the

:-^--L^+i^- na-iart fnr !-he LI treatment. vJas significantly greater than in
¡Iluuud L rvtr l/çt ¡vu,

the SI treatment (Table 9b). This would have been expected if the larger

ínoculum size had led to the more rapid development of the infection'

The total volatile outputs of both inoculum size treatments increased

exponentially over the incubation period ín Tríal 1 (Table 9c) ' The slope

of the regression line for the LI data was signíficantly steePer than for

the sI data, indicating a more rapid increase in disease-induced volatile

production" This is again consístent with the premise Èhat a larger inocu-

lum size could speed disease development. However, the overall- regression

equations were not signífícantly different. Addítionally, the total vola-

tile production at T = initial (Y intercept) was greater in the sI treat-

ments (Table 9c) " This represents a direct contradicËion to the theory that

dísease development, and therefore elevated volatile outputs, should have

been initíated earLier in the LI treatments'

The chromatogram profiles for the LI and sI treatmenËs did not differ
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signifícantLy in terms of either the range of volatiles recorded or the

average number of peaks/chromatogram (Table 9f). It rnÍght have been expec-

ted that had the LI Ëreatment produced a more rapid decay, the average num-

ber of peaks/chromatogram should have been significantly larger than in the

slower developing SI treatment.

The peak area and PTPA signatures for the inoculum- size treaLments vJere

not consistent in terms of the dominanË peaks and peak groupings' This

made any overall comparisons beËween the inoculum-size signatures difficult,

but in general the LI and SI signatures in each LríaL looked to be relatively

simiLar.

There were few signifÍcant differences between the individual peak area

values in the LI and SI profÍles (Table 91). IÈ could have been expected

that if disease development had been facilitated by the larger inoculum

síze, the peak areas of more of the profile comPonents should have been

signifícantly different (LI>SI). In both trials Ëhe PTPA values for all

the major metabolites vtere índistinguishable; a further indication that the

LI and SI infections did not develop in a significantly different manner'

In sumrnary, the results from the ínvesËigation of the impact of the

inoculum size upon the disease development and volatíle production Patterns

were inconclusive" Several of the volatí1e production factors indicated

that disease development !üas somewhat more rapíd ín the LI treatments, but

various other profile ParameËers indicated that varying the ínoculum size

within the selected range had no significant impact on disease development

or volatile production.

It should be noted that the E" carotovora populations at Èhe end of

incubaËion períod were found to be roughly equivalent in Èhe inoculated LI

and SI treatments " This may have been an indícation that the selected
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inoculum sizes vJere not having a significant impact upon disease development.

AlternaÈively, it is possible that the bacteríal populations in the LI Èreat-

ments uray have reached the final observed population levels early in the

incubatÍon period and then may have stoPped expanding due to limitatíons

in substrate availability. This would seem Possible since the Potatoes

ï¡rere completely disrupÈed by the end of the incubation period" In retrospect'

experiments involving lower inoculum dosages might have provided more con-

clusive information on the importance of inoculum-size as a determinant of

disease develoPment Patterns'
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Cul t ivar Compari sons

self (1967) has published a review of the volatile metabolites that have

been detected in potatoes. Ilowever' very little information is available

on the volatile profiles of different potato cultivars. The najority of

the previous research in Ëhis fíeld has involved the testing of the vola-

tile profile characteristics of different cultivars during various pro-

cessing procedures. The only information of the volatí1e productíon charac-

teristics of differenÈ cultivars in conditions suitable for the develoPment

of disease has come from varns and Glynnts (1979) storage study. They found

that bins of 'Kennebect tubers infecËed with E. carotovora and Fusarium dry

rot had significanÈly different volatile production profiles than similarly

infected bins of tRusset Burbank' tubers. Varns and Glynn (L979) concluded

that the differences in the volatile profiles reflec¡ed differences in the

rates of disease development in the two cultivars' This difference in the

rate of dÍsease development would be related to the relatíve suitability

of the potato as a disease substraËe versus any differences in the disease

resistance capabilities of the cultivars'

'Norland' (table stock) and rRusset Burbankr (processing) tubers were

selected as the test cultivars in the experiments due to their prevalence

in Manitobars potato sËorages and because the cultivars are relatively

different in terms of theír dry matter content, etc.

The 'Norlandr and rRusset Burbankt tubers r¡rere comPared in two jar

experiments (Experirnents 2 and 3) and in one replicate of one of the bag

experiments (Experiment 6)" In each of Ëhe experiments, the poLato cultivar

effects were confounded by the dÍsease treatment effects' However, in all

statistical analyses the PoÈato cultivar X disease treatment interactíon

was non-significant" This indicated that any differences between the cul-

tivars v,rere constant reLatíve to the disease treatmenËs' ConsequenËly'
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the cultivar differences were analyzed as simple main ploË effects.

In the jar experiments, considerable experimental variability existed

in the disease responses of Èhe tRusset Burbank' and rNorlandt tubers" In

one experiment there !üere no consistent differences in the toÈal dail-y vola-

tile outputs of the cultivars (Fígure 2b). In the oÈher experiments,

disease development, as índicated by the rate of increase in Ëhe daily

volatile production !üas considerably slower in the rRusset Burbankr tubers

(Figure 3a). In both experiments, there \^?ere no significant differences

between the cultivarS when the total volatile outputs were averaged over

the entíre Íncubation Period"

Inthebagexperiments,thetotaldailyvolatileproductionofthe

rNorlandr treatments was consistently less than that of thetRusset Burbank'

treatments buË averaged over the entire incubatíon period, the tc¡tal vola-

tíle outputs of the potato cultivars lttere not significantly different

(Appendíx 6a).

Inboththejarandbagexperiments,allrecordedchromatogramPeaks

!,rere common to the profiles of both cultivars" AE the various stages in the

incubation periods, there ftere no consistent differences in the chromato-

gram comPlexities of the cultivarst nor were the average number of peaks/

chromatogram sígnificantly different (Appendix 2b' 3b' and 6b) '

Thechromatogramsignaturesdevelopedforthecultivarsineachof

the jar experiments were not consistent" Again the signatures for the

different cultivars within each experiment were more similar than the sig-

natures for each cultivar in the different experiments" In Experiment 3'

the peak area signatures for both cultivars involved only one or tv'o homo-

logous groupings, índícating that the peak areas for the various metabolites

were either very similar or highly variable'
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In onLy one of Ëhe jar experiments, could any significant differences

be detected between the potato culËivars, ín terms of Ëhe peak areas of any

of the major meËabolites" These differences !üere not consistent, in that

one cultivar did not produce the greater amounË of all of Ëhe diagnostic

compounds.

In the bag experíment,-the peak area signatures for Ëhe two cultivars

\¡rere relatively símilar. The same group of meËabolites (1 'butanol-, Ëhe C-l+

compounds, ethanol, and ethanal ) was dominant in both signatures (Tab1e

6o). Although the exact rank of these compounds ldas not identical in

both signatures, they vrere always all contained wiËhin a single statistically

homologous peak grouping, indicating that any difference ín the exact order

of the compounds \.74s noË overly significant'

According io Henist eË aL" (1966) sysËem of analysis, there ü'ere several

metabolites which could have been used Ëo differentiate between the peak

area signaËures of the potato cultivars in the bag experiment" However,

the lack of replicaËion brings the validity of these differences into

questíon. If the results for the jar and bag experimenËs are comparedt

Ëhere were no identiËy-known rnetabolites that !üere consistently considered

to be diagnostic between the culËivars in terms of their peak area values'

Although the last peak ín the chromatograms of both the jar and bag experi-

ments occurred in significantly greater quantitíes in the rRusset Burbankf

profiles, Ëhis could not be consÍdered a reliable diagnosËic feature as

the peak identity could not be determíned"

In both the jar and bag Èrials, Ëhe PTPA signatures closely paraLleled

the peak area sígnatures" No consistenË diagnostic differences beËr'ieen the

PTPA values for the cultivars were observed'

In theory, rNorlandt mÍght be expecÈed to provide a some\dhat more
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suitable medium for the inítial development of E. carotovora bacteria due to

its higher \^rater content. It mighË be expected that the more rapid dÍsease

development in the tNorlandt tubers woul-d be reflected in a more rapid

íncrease in volatile production (varns and Glynn L979). The greater dry

matLer content of the rRusset Burbankt Èubers might indicate a potential

for greater total volatil-e outPut due to the larger nass of useable substrate'

However, no consístent dífferences lJere aPParenË in the volatile production

patterns of the two cultivars" Further, the two cultivars showed similar

disease reactions and volatile outputs when exposed to the various disease

treatments. $lhether this indicates that Ëhe volatile producËion characteris-

tics of the cultivars r¡¡ere in actuality similar relTÊins uncertain due to

the excessive variability encountered in the very limited number of experi-

mental trials.
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Trap-Temperature ComParisons

The amount of any compound that Íray be retained without breakthrough

on a given size porous polymer trap is determined by a Large number of

factors , ví2,, compound size, volatility, polarity relative to the absorbent,

volatile concentration, sampling rate, trap surface aîea characteristics,

etc. (Jennings et al . Ig74; i{yllie et al. I9l8). Trap Lemperature is also

an important operating variable" The relative reËention capacity of any

compound on a trap decreases as its vaPor Pressure increases (Bertuccioli

and Monte doro 1974) " Cooling the traP decreases the vapor pressure of the

absorbed compounds ( Bertsh et a1 . Lg74; Mackay and Eussein L978) ' Conse-

quently, within the lirnits imposed by condensation problems, trapping effi-

ciency increases as the temPerature decreases'

In all the bag experiments, the trap Èemperature I¡ras reduced to 10 C'

This was considered merely a Precautionary measure as preliminary tests uti-

!ízíng in-1ine back-up traps had indicated the retention capacities of the

primary traps had been adequate, regardless of the trapping temperature"

To furËher investigate the impact of temperature on Ehe specific

retention characËeristics of the Chromosorb traps, experímenLs contrasting

E. car.otovora profiles wÍth controls were conducted utílizing t\"o trapping

temperatures (1o and 22o C). These experiments !üere designed to test the

impact of trap temPerature on the measurement of the various volatile

production patterns that had been assessed in previous experimenËs" Due to

Ëhe experimental design used in both trials' the trap temperature effects

were confounded wÍth the disease treatment and inoculum size effects"

However, since Èhe two- and three-way inÈeractions between the trap tempera-

ture treatments and the other experimental variables were non-signifÍcant

all comparisons of the 10 and 22o C trap-temperature treatmenÈs vJere based

on the pooled disease treatment and ínoculum size dat,a"
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ïn both experimental trials, the average total volatile production and

Ëhe average number of peaks/chromatogram recovered from the 10 C traps were

consisÈently greater Ëhan in the 22o C traPS. Although these differences

\dere not statistically signíficant, they would seem to indÍcate some consis-

Èent performance improvements at the lower Eemperafures'

VaryingËhetraPtemperaturedidnothaveanyimpactontherangeof

compounds detected in the volatile profiles. LL 22o C, the absorbent capa-

citíes of the trap were sufficíent to reEain detectable quantities of all

the rnajor chromatogram Peaks'

The peak area signatures in Trial- 1 for the 10 arld 22o C Lrap-tempera-

ture treatments \^7ere not overly similar in terms of the relative order of

the dominant peaks (Table 9j). However, the homologous peak groupings were

relatívely similar. In Ttía! 2, the trap-temperature signatures for the

peak areas Tdere very similar in Ëerms of peak order and groupings. rn

both Ërials, the PïPA signatures for the 10 and 22o C treatments appeared

to be quite uniform.

There were very few sígnificant dífferences between the average peak

area and PTPA values of the various metabolites measured at the two traP-

temperatures (ra¡le 9m). These results ú7ere Particularly significant, in

that even the most volatile compounds trapped at 10 C were sti1l trapped

in statistically equívalent quantities when the traps were oPerated at room

temperature.

In summarYt t.rap performance at 22o C appeared to be comparable to

the relaËive efficiency at 10 C. It should be stressed that this tempera-

ture-independent performance !üas based on a limited temperature range' and

more importantly, a limited range of volatile compounds' Trapping efficien-

cies could be expected to change significantly íf these experímental
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parameters !üere altered (í.e. higher oPerating temperatures and/or more

volatile compounds) "
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Volati e Profíles Bacteria Cultures

The metabolic processes of the E. carotovora bacteria produced both

quantitative and qualitative changes in the volatile profile of the swirl

cultures. Since air exchange was allowed in the culcures, the observed

increase in total volatile concentraÈion was doubtless not an accuraËe

representatíon of the actual changes in the volatile production of the

Ínoculated cultures.

The ECA, ECC, and EtvD( treatments Í,tere very similar in terms of their

total volatile production and also the range of metabolites detected in the

headspace samples (Table 11a). This again reflects the símilarity of the

metabolic and developmental processes of the E" carotovora varieties" The

pTpA values for the various metabolifes in the inoculated cultures were,

in many cases, significantly different from the PTPA values for the controls"

This indicated that the increased volatile production in the inoculated

treatments was not non-specific; certain volatiles exhibited proporËionately

different changes ín concentration. The PTPA values of the Ëhree E"

carot ovora treatments were very similar'

The concentration of volatiles in the swirl culture headspace samples

was minimal in comparíson to the levels obtained v,rith simílar sampling

procedures ín the jar experiments. This would seem to indicate that the

inoculum introduced ín the various experiments was 1ikely a relatively unim-

portant source of volaËi1e contaminants'

All of the volatiles identified from both the inoculated and non-

inoculated swír1 cultures were subseguently isolated in the volaÈile pro-

files of the inoculated Ëubers. The parallel between the inoculated cul-

ture and the infection profile ís not surPrising sÍnce the metabolic pro-

cesses of the E. carotovora bactería could be expected to yield a similar
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range of volatíle by-products under both sets of conditions" The similarity

between the volatile profiles of the non-inoculated cultures and the incu-

bating potatoes may have been reLated to the fact that a potato infusion

was used to PrePare the Potato dextrose swirl culture'
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E. caro Èovora and C. pedonicum Comparisons

Bacterial ring rot presenËs an extremely seríous threat to the crop in

virtually every potato producing counËry (Knorr L948:' Shepard and Claflin

Lg75). In the fie1d, Corynebacterium sepedonicum (Spieck and Knott) Skapt.

and Burkh. infectíons lead to the stunting, wilting, and general decay of

the growing plant (lulanzer and Genereux 1978). In storage' contaminated

tubers exhibit a characteristic internal breakdown of the vascular ring.

During handling the infected tubers collapse spreading a highly infectious

bacterial ooze over adjacent tubers" Although disease development ís rela-

tively slow under Proper storage condiËions, losses ur'ay be considerable

(Shepard and Claflin 1975)" As a seed-borne pathogen, ring rot outbreaks

are a parËicu1arly serious problem during the storage of seed potatoes due

to the potential for contamination of the entire seed stock"

In potato storages, Prompt detection of any disease problem is a vital

first step in the minímízation of storage losses. However, correct identi-

fícation of the specific disease problem is also extremely important' The

reconrnended storage ÍÉnagement procedures for disease control vary consi-

derably from pathogen to pathogen. Consequently, the feasibility of utili-

zing volatíle monitoring as a system for the detection of dísease in storage

would depend upon the selection of diagnostic volatiles or volatile produc-

tion patterns that are as disease-specific as possible (Varns and Glynn 1979) '

The goaL of these experiments was to allow for the comparison of the

volatile profiles and volatile productíon characteristics of C" sepedonicum

and E" carot ovora infections in order to assess the potential for utilízing

volatile monitoring to differentiate between the infections in storage'

donicum Disease SummarY and E. carotovora ComParisonsc.

The rate and pattern of disease development in the C' sepedonicum
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treaËments was significantly different from that observed ín the E . carotovora

t.reatments. The first visual- indicatíon of decay in the C. sepedonicum

ínfections became aPparent by day 7 of the incubation period, while the fÍrst

signsofdecaywereaPParentmuchearlierÍntheE"caroËovoratreatments"

In the !. sepedonicum infections, about 13 days $,ere requÍred before the

tubers !ìrere completely disrupted by the pathogen'

As is typical in c" sepedonicum infections, seePage was minimal" By

contrast the E. carotovora bacteria compleËely destroyed the tubers within

5to6daysryieldingcopiousamountsofbacterialseepage"

It was noted Èhat the populations of secondary microflora were te\a-

tively large in the !. sepedonicum ÈreaEments. The extended dísease develop-

menL period in the Q. sepedonicum infections may have allowed for the more

exËensive development of the secondary contaminants" In commercial storages'

c" sepedonicum infections are conrnonly masked by the ínvasion of various

secondary microorganisms, including g. carotovo.lia (Manzer and Genereux 1978)'

The predomínant secondary microflora in the C' s epedonicum infe ct ions

Sta h lococc , E. coli, and yeasts) were similar to those recovered from

the !. carotovora infections.

Vola ile ProfÍ le Compar sons

The volaEí1-e production characteristics of the c. sepedonisum treat-

ments \47ere considerably different from the Patterns observed in the E'

carotovora profiles. l4any of these differences !üere related to the relative

rates of disease development in the E. carotovora and C' sepedonicum infec-

tÍons 
"

The E. otovora infection 1ed to the production of elevated volatile

outputs much more rapidly than the C" sepedonícum treatments (E' carotovora

= 1 to 2 days; c. sepedonicum = 6 to 7 days) (tr'igure 10a). Based on the
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data for equívalenÈ incubation períods (5 days), the Ëotal

of the E. caroËovora treatments rr'ere, on the average' 112X

the C" sepedonicum treatments, a difference significant aË

(Table lob). This reflects the differences ín the rate of

ment" When the data for the entire 13 day C' sepedonicum incubation Period

were included in the analysis, there !üas no sígníficant difference between

the average total voLatiLe ouÈPuts of the E' carot ovora and C" sepedonicum

treaËments (Tabl"e lob) " This similarity mÍght have been expected since it

is the availability of metabolizable substrate that, in the end, determines

the potential volatile output. In the !. sepedonicum treatments' the total

daily volatile ouËputs declined towards Ëhe end of the incubatíon period

(Figure 10a). This may have been due to the exhaustion of the metabolizable

tuber tissues. The drop-off !,las not observed in the E" carotovora treaLments

like1y because the excessive bacteria seepage limited the sampling period'

As in the E" carotovora trials, the Ëotal volatile production of the

C. sepedonicum treatments (day 1 to 13) increased exponentially over the

incubation period (fable lOe). However, the C" sepedonicum output data fit

a parabolíc regression equation more accurately than the linear equation

that was found to most accurately suit the E. carotovora data" The para-

bolic equation better described the c. sepedonicum data because it allowed

for the decline in volatile production to\^lards the end of the test period'

As in the E. carotovora ínfectíons, the 1ínear regression equation

for the C. seped icum treatment had a significantly different slope and

overaLl equatÍon than the control treatments (Table 10f) ' Although the

slope of the c. sepedonicum line was steeper than the controlrs indicating

amorerapidincreaseinvolatileproducËion,theYinterceptsforthe

volatile outputs

greater than for

the 1% level

disease develop-

c. sepedonicum and control treatments were relatíve1y similar (Fígure 10a) '
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This again reflects the very slow deveLopment of the C. sepedonicum infecËion.

The slope and general equaÉion of the regression lines for the C.

sepedonÍcum data (days L to 5) were significantly different (P = 0.01) from

Ëhe values calculated for the E" carotqveËa treatmenË (Table 10f). Based

onthedatafordays1to13,l--tria1,thes1opesfor

the regression lines of the tvro treatments remained significantly differenË

(P = 0.05), however, the overall linear equations were not significantly

different (P = 0.05). The Y ÍnËercept of the E. -g.!Wera equation was

greater than in the C. -g.ggedoglcun equation indicating a much earlier

disease-induced increase in volatile production" The slope of the regression

line was much steeper in the E. -cerq!.gy,ora treatmenLs. This reflected the

much more rapid deveLopment of the soft rot infecËion.

The !" sepedonicuE profiles featured a more f-imiÈed range of volatiles

than occurred ín the E. carot ovora Ëreatmenfs" Although there was consider-

able overlap in the compounds idenËified in the respectíve profiles (REFERENICE

TABLE C), a single compound (Rt = 15,6 min) identified as a major component

ín the C. sepedonicum profile (X PTPA value = 4l%) r"as not detected in the E"

carotovora profiles. Conversely, several compounds not Ísolated in the !.

sepedonícum profíles were relatively major conponenÈs of the E" car oËovora

profiles (i.e", ethanal, l-propana1-/2-Propanone, and four unidentified

compounds, RT = 7.1, I2.7 ' L4.It and 16"3 nin).

Since the diagnostic compounds tanded to play relaËÍvely importarË

roles in their respective profiLes, the monítoring of their PTesence or

absence in a vol-atiLe profiLe would seem Lo be a relatively valid technique

for dífferenËíatÍng between the c. sepedsigum and E. carotovoEa profiles"

However, three of the four compounds isolated in the E. -cg-@. profile,

but not in the !" sepedonic-um profíle, were detected at signífícant levels
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in the profíles of the non-inoculated control Ëreatments. I{hether a base-

line metabolite would cease to be produced/released in detectable quantities

due to the introduction of a certain pathogen is questionable. It is possible

that the !. sepedonicum infection might cause some alEerations in Ëhe meta-

bolic processes of the Potato resulting in changes in the baseline volatile

profile. However, it seems more likely that these comPounds would continue

to be Present in the C. sepedonicum infection, but were simply not detected

in this trial.

As ín the E. carotovora ínfections, the average number of peaks/chroma-

togram for the C. sepedonicum treatmenEs tended to increase over the incuba-

tion period (Table 10c). Again, whether thís change l^7as due to changes in

metabolic paLtern over the incubation or simply due to the íncrease in the

detecËability of the various comPounds as the overall volatile output

íncreased was uncertain. Unlike the E' carot ovora treatments ,onadayto

day basis the C" sepedonicum chromatograms !üere not signifícantly more

complex Ëhan those of the controls (Table lod) " This again reflects the

slow developmenÈ of the ring-rot infection. Based on the !' sepedonicum

data from days 1 to 5, the equivalent E. carotovora profiles were much more

complexragain due Eo the dífferences in the rates of disease development

(Table lod). However, when che !" sepedonicum data from days 1 to 13 were

included in the calculations, there was no significant difference between

the average complexities of the E' carotovora and C" sepedonicum treatments "

This again indicates some parallelism between the two decay producing Patho-

gens thaÈ is not apparent in the various analyses of the relative rates of

disease develoPment.

The peak area and PTPA signatures for the c. sepedonicum treatment

were quite dístinct from the equivalent signatures of the E' carotovora and
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control treatmenLs (TabLe 1Oh). ALthough there was considerable overlap

in .he compounds invoLved in the signatures, the compound (X) unique Ëo the

I sepedonícum profiles featured quiÈe prominently ín both the day 1to5

and days 1 to 13 !. sepedonicum signatures. Conversely, Èhe various com-

pounds unique to the E. caroËovora and control profiles (B, D, H" and J)

featured quite prominently in Èhe respective signatures' Additionally' the

order of the dominant peaks and the homologous peak groupings in the c.

sepedonicum signatures lrrere very dífferent from the arrangements found in

the E. carotovora and control signatures.

In comparing the mean peak areas (toc10) for the various metabolites

in the C. sepedonicum (day 1 to 5) and control (day I to 5) profiles'

the peaks were aPproximately equally divided, in terms of whether the

controL or the C. sepedonicum profile had featured the significantly greater

quantity of the diagnostic compound (Table 10g). This was not an unexpected

result, since through days 1 to 5 the total volatile outPuts of the c'

sepedonicum treatments vJere not very different from the controls" Howevert

in the peak area comparisons of the c" sepedonicum (days 1 to 13) and

conËrol (days 1 to 13) profiles, the same equal- division occurred, despite

the fact that by the end of the incubation period the Èotal volatile out-

puts of the c. sepedonicum treatments were 30 Èo 40x greater than Ëhe con-

trols. It is clear from this that the íncreased volatile output that

occurred during the progression of the C" sepedon cum \das channelled through

a limíted number of compounds. This siËuation is in direcË contrast to the

results observed in the comparisons between the E" carotovora and control

Èreatments. Once the E . car ovora infecËion had developed virtually every

netaboliterecordedinthecontrolprofilecouldbefoundatsignificantly

1

greater levels ín the E" carotovora profiles' The E" carotovora infectíon
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appeared Ëo produce a more general, non-specific increase in the normal

baselíne volatiles than occurred in the C.. sepedonicum infection' In direct

comparisons beEween the C. sepedonicum (day 1 to 5) and Èhe E . carotovora

peak area values, a number of metabolites were found to occur at higher levels

1n the E" carotovora profile (Table 10g) " This again reflected the slow rate

of development of the C" sepedonicum infection relative to E. carotovora 
"

tJhen the data for C. sepedonicum days 1 to 13 were included in the peak area

analyses, a number of significant differences continued to exist between Ëhe

C. sepedonicum and E. carotovora profiles, despite the fact fhat the Ëotal

volatile ouEputs of the tvJo treatments !üere approxiuøtely equal' The com-

pounds occurring aË díagnostically different 1evels were divided fairly

evenly ín terms of which of the treatments, 9. sepedonicum or E. carot ovora

had produeed the sígnificantly greater quantity" Alchough the two infec-

tions had developed volatíle profiles that Tdere parallel in terms of their

total outputs and component ranger the relative importance of Chese components

r,ras very different in the Ëwo profiles'

The relationship between the !" sepedonicum profile and the profiles

for the E. caro:Eovora and control treatments is perhaps best íllustrated by

comparisons of the PTPA val-ues" At boËh incubation period intervals (!."

sepedonicum days 1 to 5 and days 1 to 13), the list of compounds that occurred

at significantly different relative levels ín the C" seped onicum and E.

carot ovora treatmenEs was virtually identical to the list of compounds that

had significantly different PTPA 1eve1s in the !" sepedonicum and control

comparisons (Table lQi). In the pairwíse comparisons with the C' sepedonicum

profile components, the control and E. carotovora treatmenÈs rvere essen-

tially interchangable in terms of the final resulE of the comParison" For

instance, if in a C" sepedonicum versus E. carotovora comparíson the PTPA
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value of a comPound !ùas greater in the E' carot ovora profile, then invariablY

in the c. sepedonicum versus control comparison, the control PTPA value for

thatcomPoundwouldbesignífícantlygreaterthaninËheC. sepedonicum

profile.

In summary, a number of dífferences in volatile the production patterns

of C. sepedonicum and E. carot ovora were appârent, i.e. volatile Production

per unit tíme, chromatogram complexity' etc"

Unlike the situation in Èhe test trials, in commercial storages tuber

contamination does not occur simultaneously Ëhroughout a mass of potatoes

nor are the environmental conditions ideally suited to the uniform develop-

ment. of the infection. ConsequenËly' it is likely that any volatile produc-

tion differences between two pathogens that were due to differences in the

raEes of disease development would be masked by the asynchronous and variable

disease development that occurs in coÍrmercíal storages' If the differences

ín the volaÈile producËion Patterns of the C' onicum and r' carotovoraseped

that stemmed from Ëhe different rates of disease developmenL were ignored'

many aspects of Ëhe volatile profiles, i.e" 1 volaËile production, volatile

production versus controls, and chromatogram complexity were relatively

s imílar.

Thevolatileprofilesofthet'wopathogensfeaturedanumberof

commonly shared metabolítes, but each pathogen produced one or more unique

peaks,relativetoËheotherinfection.Perhapsmostimportantly,the

relative ratios of the metabolites in the respective profiles were consis-

tently dífferent. Although more comparisons are needed, it íS these types

of stable differential factors that would have the greatest PotenÈial as

means of distínguishing between the volatile profiles of E' carotovora and

c seped onicum outbreaks in conrnercial storages"
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SIMMARY

Headspace Samplíng Svstem

Direct sampling via a gas-Ëight syringe yielded accurate representative

informaËion on the composition of the headspace atmospheres tested, but was

only useful in siÈuations that allowed the accumulation of unrealistically

elevated levels of the volatile metabolites" Under all operating conditions

encountered in this study, the volatile absorbent chromosorb 105 was found

to be very effective as a means of Erapping and concentrating the volaEiles

from larger samples of headsPace. Utilizing an insert/líner as a traP pro-

duced a highly desirable one-steP trappíng/injection procedure' Flexible

gas.tightbagsprovedtobesuperior!oglasscontainersasbothheadspace

confinement vessels and disease incubation chambers"

olat i Prod r- on

A number of quant.itative and qualitative changes occurred in the volatile

profiles of potatoes during the development of an E" carotovora infection.

Elevated volatile production levels were detecEed very early in the develop-

ment of the infection. Total volatil-e production increased exponentially

as the disease spread. A wide range of low molecular weight organics were

identified in the volatile profiles (aldehydes, ketones, and alcohols)'

The number of compounds detected in the volatile profiles tended to increase

âs the infections developed. Different relative amounts of the individual

compoundswereproducedatvariousStagesduringtheprogressionofthe

infect ion.
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Total volatile production/unit Èime was the most dependable means of

differentiating beÈween healthy and diseased tubers on the basis of their

volatile production characteristics" A number of the volatÍles identified

ín the diseased profiles \47ere also produced by healthy potatoes (both

wounded and non-wounded) but, on the average, Èhe profiles of the diseased

treatments featured more peaks than the controls" Comparisons of the rela-

tive importance of the individual metabolites in the díseased and healrhy

profiles were difficult due to variable results'

The volatile productíon characterisEics of E" carotovora var" carotovora

and E. carotovora var. atros tica infections r,rere very similar when rearing

conditions rl,ere suitable for the growth of both pathogens. Different strains

of the E. caïoLovora bactería produced símilar volatile outPuts, although

smal1 differences in the relative growth rates of the pathogens were reflected

in their volatile Production.

The volatile producËion characteristics of both healthy and E' carotovora

infected tNorland' and rRusset Burbankr Potatoes were very similar'

A number of factors which influenced the rate or pattern of disease

development consequently influenced the volatile characteristics of the infec-

tions. rncreasing the inoculum size hastened disease developmenÈ, changing

the rate of volaËile productíon/unit time, but not the overall volatile pro-

duction pattern. The rate of volatile production by both diseased and healthy

treatments leas strongly influenced by the íncubation temperature' The range

of metabolites recorded in the profiles \'Jas not affected by the temperature

but the relative abundance of the various compound htas to some extent tempera-

ture dependent. Temperature relaÈed differences in the rate of development

of E. carotovora var. carotovola and E" g]:g94 val' atroseptica ínfections

were reflected by quantitaÈive and qualitative differences in their volatile

profiles.
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ThevolatileprofilesofE"carotovoraandQ.sepedonicuminfections

differed in rnany resPects. Total volatile production/unit time r¿as much

lower in the C. sepedonicum infection, which reflects the sLower development

of the pathogen" The c. sepedonicum profiles lacked a number of the com-

pounds isolated in the E. carotovora profíles, but the !. sep.edonicum

infection also featured one unique diagnostic compound' The relative impor-

tance (PTPA values) of the individual peaks in the !" sepedgricum profiles

were clearly differenË from the Same peaks ín the 8. ca-rotovora profiles'
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CONCLUSION

Total volaËíle production aPPeared to be the most consistent and reliable

of the volatile production factors as an indicator of the development of an

E. carotovora infection. The varíous other factors were either not disease

specific (i.e. peak presence, peak number) or \^7ere excessively influenced

by variabí1ity in disease development, ÈemPerature conditions, etc" (i"e"

relative peak area). In commercial storages, two volatile monítoring strat-

egies could be employed based on the total volatile production/concentration:

1) assuming that baseline volatile production/concentration leve1s could be

determíned for a rheaLthyt storage the presence of any g. cerotovora

induced decay would be indicated by volatile productíon above baseline levels'

However, determining a stable baseline would be dífficult due to changes with

the year, the load, the cultivar, the temperature, etc. Additionally, the

volatiles produced by the E. carotovora infections could be confused with the

elevated outPuts produced by the wounding, handling, or SProuL-inhibition

treatment of the tubers. 2) The more dependable strategy involves the pro-

gressive monitoring of the volatile production of the Potatoes throughout the

storage period. The development of any E. carotovora infections would be

deËected by the resulting steady rise ín the total volatile production/concen-

tration in the storage. The previously mentioned causes of volatile produc-

tion (wounding, sprout inhíbition) would not produce this steady rise in

volatile Production.
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APPENDIX 2a. AnalYsis
t."."1) averaged ov
vars of Potato trea
E" carotovora var.

of variance for mean of total of peak

er the incubation period for two culti-
ted with E. carotovorg var. S.3I9!98'
at.roseotica. and control treatments"

Source of
varíation

Disease

Cul tivar

DXC

Error

Total

D. F. S.S

12.96L

0.001

0.111

0. 105

13 " 178

F-Rat io

J.rL

498" s38^^

0"077N. S'

4. 30BN' S'

M. S"

6.48L

0.001

0.056

0.013

(D)

(c)

2

1

2

8

13

**Significant at the 17' level '
*"t'*oa sígnifícant at the 57' level"

1)r,og of sum of all individual peak areas"

APPENDIX 2b. Analysis of variance for mean number of peaks/

chromatogram averaged over the incubatíon period for two

cultivars of potato with E. carotovora var. 9ÊE@E'
E. caro ovora var" atrose 1Ca , and control treatments.t

Source of
variation D"F" S. S. M. S. F-Rat io

Disease (D)

Cultívar (C)

DXC

Error

ToËa1

40.042

0. 001

L. 865

7.165

49 "073

20.021

0.001

0.932

0" 896

J¿

22"345^^

0.001N. S"

1.040N. S.

2

1

2

I

13

*Diff"t.nces signÍficant at the 17' level"
N's"oiffurences not significant at the 57" level'
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APPENDIX 3a. A¡ralysis of variance for mea

peak areasr) averaged over the incubat
two cultivars of Potato inoculaËed wit
var. caEe.lqegerå and E" 9@ var'

ns of total of
ion períod for
h E. carotovora
atrosept ica.

Source of
var íat i on D" F. S.S M. S. F-Ratio

Disease (D)

Cultivar (C)

DXC

Error

1

I

1

4

1"403

L "495

.368

4.4L6

1 .403

L "495

.368

1. 104

1.27lN.S.

1.354N.S.

0. 333N. S.

lotal 7 "682

N'S'oiff"rences not significant at the 5% level'
1)l,og of sum of all individual peak areas'

APPENDIX 3b" Analysis of variance for mean number of peaks/
chromatogram for rRusset Burbank' and rNorland' tubers
inoculated rriith E" carorqovor4 var" carotovora or E"

carofovora var. afrose t lca

7

Source of
variation D. F. s"s M" S. F-Ratio

Disease (D)

Cultivar (C)

DXC

Error

Total

1

I

1

4

30,9

2"6

0"3

L9.6

30"9

2"6

0"3

4.9

6.3N. S"

0"5N.S.

0"1N.S.

7

N'S'niff"rences not sígnificant at the 5% level'
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A?PENDIX 6a. Analysis of variance for means of total
of peak at"*"I) averaged over the incubation
period for two cultívars of potato inoculated with
two strains of E. cafoìqqver¿I var' atroseptica and

three strains of E. carotovora var " catotovora.

Source of
variation D. F. S.S M. S. F-Rat ío

Disease (D)

Cultivar (C)

cxD

Error

4

I

4

10

10 " s83

0. 173

0"583

0. 557

2.636

0.173

0.L46

0.056

J&
47 "07^"

3 
" 
09N. S.

2.6lN. S"

Total T9 tL "897

** 
-- !L^ 1ùt 1^-.^jSignif icant at trrÊ i/o iever o

N's'No, signif icant at tine 5"L leve1'
1)
"Log of sum of all individual peak areas'
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APPENDIX 6b. Mean number of peaks/chromatogram averaged
over the incubation period for t\^'o cultivars of

Potato inoculated with two strains of carot ovoraE.
E.var. atroseotíca and three strains of carotovora

var. carotovora.

Source of
variat,ion D. F. S. S I'f. S" F-RaË io

Disease (D)

Cultivar (C)

cxD

Error

4

1

4

54.27

L"7s

5. 84

5 "4s

13.57

L.7 s

L.46

0"5s

3.22N" S"

24.89

2"67N.S

10

Total L9 67.31

**signif icant aË r]ne L% level'
N's'Noa sígnificant at the 57' level"
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A?PÊNDTX 7A.

"r." " 
1)

m1xeo E.

Analysis of variance means of total of peak

averaged over the incubation period for a

carot ovora infection held at Ëhree incuba tion
temperatures.

Source of
variation D. F" s.s M. S. F-Ratio

Disease (D)

Temperature (T)

DXT

Error

Total

1

2

2

3 "379

1, 504

0.118

1"103

6.104

3.379

0"752

0.059

0. 100

&ù
33 "79^^

¿rr.
7 "52^^

o. 59N. s.

1_1

L6

**sig.,íficanË at the 17' level'
*'t'*oa significant at tle 5% level"

t)ro, of sum of all individual peak areas"
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APPENDIX 7b. Analysis of variance for mean number of peaks/
chromatogram averaged over Ëhe íncubation period for a

mixed !, qarotovora infection held at three incubation
temperatures."

Source of
variation D. F. s.s M. S. F-Ratio

Disease

Temperafure

DXT

Error

Total

1

2

2

L7 "43

11.09

0.36

2.08

30"96

L7.43

5.54

0. 1B

0. 19

gl-.7**

29 "2^*

0.9N" s

11

T6

Significant at the 17" leve1.
*'s'*oa significant at the 5% level.

JJ
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APPENDIK A. Relationehtp between temperature and the vaPor

Preeeures of organic comPounds'

The vapor pre8sure of organlc coqounds at dlfferent temPeratures

oay be derlved frorn the equatlons

LoglsP = (-0.2185 A/K) + B

shere:

P - VaPor Pressure 1a torre'

K = TemPerature fn degrees KelvÍn'

A = Molar heat of vaporlzaÈion fn calorfes/gram mole'

B-AconstantepecifÍctoËhefndÍvldualcompounds.




