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ABSTRACT

Rao, M. N., Siegel, M. R., Ferriss, R. S., Nesmith, W. C., Wiglesworth, M. D., Burton, H. R., Reuveni, M., Tuzun, S., and Ku•, J. 1989. Relationships
between susceptibility of field-grown burley tobacco to blue mold and contents of duvatrienediols. Phytopathology 79:267-270.

Greenhouse studies have suggested a role for a- and/3-4,8,13 duvatriene- detected for only two dates. In 1986, intensive sampling was conducted in a
1,3-diols (DVT) in the resistance of burley tobacco to blue mold. To test the single field. Leaves were sampled from 25 plants at approximately 7-day
validity of this relationship in the field, leaf samples from field-grown intervals. Results for two stalk positions and two inoculum concentrations
plants (cv. Ky 14) were assayed for DVT content and tested for were similar to those in 1985. Although there was a highly significant
susceptibility to Peronospora tabacina under controlled laboratory negative correlation (P •< 0.0001) of disease severity with DVT when all
conditions. The study was conducted in central Kentucky during the 1985 sampling dates were evaluated, no significant (P< 0.05) correlations were
and 1986 growing seasons. In 1985, plants in 11 fields were evaluated six observed within individual sampling dates. Overall, these results indicate
times. Results with leaves from top, middle, and lower stalk positions that DVT content probably has only a marginal role in the resistance of
confirmed the greenhouse findings that susceptibility to blue mold tobacco to blue mold. The inability to enhance disease in old plants by
decreases with plant age in both untreated and acetone-dipped leaves, and dipping in acetone suggests the existence of other age-related defense
that dipping leaves in acetone markedly increases susceptibility. There was mechanisms. The relationship between disease severity and DVT content
a significant (P = 0.022) negative correlation between disease severity on may be affected by interactions with other mechanisms of resistance and
untreated leaves and DVT content when leaves from all fields and sampling with environmental factors such as rainfall, day/night duration, light
dates were considered. However, when data from individual sampling dates intensity, and temperature.
were analyzed, significant (P = 0.022, 0.026) negative correlations were

Cuticular components of some tobacco genotypes have been Leaves from the top stalk position (first fully expanded leaf,
reported to have a role in resistance to some insects (9). Although approximately 30 cm in length) were collected at approximately
the role of these compounds, notably a- and/3-4,8,13 duvatriene- 14-day intervals and brought to the laboratory in polyethylene
1,3-diols (DVT), in resistance against some insects are established, bags kept in an insulated cooler containing ice. Nine plants per
their role in resistance to fungal pathogens has not been clearly field (three plants from each of three blocks) were assayed at each
defined. Cruickshank et al (2) reported fungitoxic effects of DVT sampling time, and a plant sampled once was not sampled again.
on spore germination of Peronospora tabacina Adam. Reuveni Leaf strips (10-15 X 7 cm) were excised from the middle of each
et al (6) observed that dipping leaf strips of tobacco in acetone for half leaf and traced on paper to measure the area. Strips were
1 sec increased their susceptibility to blue mold and removed 95% dipped in reagent grade acetone for 1 sec and immediately passed
or more of the major cuticular diterpenoids, DVT, from the leaf through three beakers of distilled water to remove the excess
surface. Thus, the change in disease reaction associated with acetone from the surface. The leaf strips were shaken to remove
acetone dipping appeared to indicate the contribution of DVT to excess water and dried gently with tissue paper. Ten leaf disks, each
resistance. Based on greenhouse studies, they suggested that DVT 18 mm diameter, were cut from untreated and acetone-treated
may play a role in resistance of tobacco against blue mold. strips and placed in petri plates with inserted filter paper as

To further evaluate the role of DVT in resistance to blue mold, described previously (5). The upper surfaces of leaf disks were
we conducted field experiments during 1985 and 1986 with the blue sprayed with a suspension of sporangiospores of P. tabacina ( 15
mold-susceptible tobacco cultivar Ky 14. The relationship between sporangiospores per cm 2 of disk area) by using an air brush sprayer
DVT content and susceptibility to blue mold was investigated at (5). Sporangiospore germination, determined on glass slides,
various times during the growing season by using a leaf disk averaged 65 ±+ 10% in these experiments.
assay (5). After inoculation, the plates were incubated at 19 C in the dark

for 20 hr and then transferred to a growth chamber (23 C, 60-70 1 sE
MATERIALS AND METHODS min-sec- , 12 hr of light per day). Four days after inoculation, the

leaf disks were transferred to sponge rubber pads as described by
Field experiment conducted in 1985. Burley tobacco, Nicotiana Reuveni et al (7). Disease severity was rated 7 days after

tabacum L., (Ky 14) was grown in 11 fields located in different inoculation on a 0-4 scale: 0 = no symptoms; 1 =•• 25% or less of
geographic areas of Kentucky. The fields were fertilized according the disk area chlorotic; 2 =26-50% chlorotic; 3 =51-75%
to University of Kentucky Cooperative Extension Service chlorotic; and 4 = 76-100% chlorotic.
recommendations (10) based on preplant soil tests. Weed control Field experiment conducted in 1986. Burley tobacco (Ky 14)
was maintained through cultivation and the application of the seedlings, approximately 8 wk old, were transplanted into a 2.5-ha
preplant-incorporated herbicides pendimethalin (Prowl; field at the Spindletop Research Farm of the University of
American Cyanamid Co., Wayne, N J) or perbulate (Tillam; Kentucky. The field was divided into five blocks, and five plants
Stauffer Chemical Co., Westport, CT). Seedlings were were sampled at random from each block at each sampling date. A
transplanted 45 cm apart in rows spaced 100 cm apart. plant sampled once was not sampled again. The first fully

expanded leaf from the top, approximately 30 cm in length, was
sampled at approximately 7-day intervals throughout the growing

© 1989 The American Phytopathological Society season. The first sample was taken at the time of transplanting, and
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the second was taken 18 days after transplanting. From 41 days transplanting to near zero at the fourth and later samplings. On
after transplanting, the first nonsenescent leaf from the bottom was acetone-treated leaf disks, disease rating was high at the first three
also sampled. samplings and then declined to near zero at the sixth sampling.

The leaves were brought to the laboratory as described DVT contents increased from the first to third samplings, and then
previously. Leaf strips were excised, dipped in acetone, and leaf fluctuated at a relatively high level. To detect relationships between
disks were cut and placed in petri plates. Two inoculum disease rating and DVT content, correlations of mean disease with
concentrations were sprayed on the upper surfaces of the leaf disks. mean DVT were examined for data from each block in each of the
A low concentration of 15 sporangiospores per centimeter2 of disk 11 fields (Table 1). When data from all samplings were combined,
area was sprayed at all samplings, and a high concentration of 750 marginally significant negative correlations were detected between
sporangiospores per centimeter2 was sprayed on leaf disks starting disease severity on acetone-treated or untreated leaf disks and
at the third sampling. The high concentration was chosen because DVT content. However, when individual samplings were
greenhouse experiments had suggested this was the lowest examined, significant (P < 0.05) correlations were detected for
concentration needed to overcome resistance of mature plants. only two of six samplings for untreated leaf disks, and for one of
Inoculation of leaf disks and rating of disease severity were done as the six samplings for acetone-treated leaf disks. Similar results
described earlier. were obtained by using either traditional linear correlation or

After disease rating, sporulation was induced by incubating the Spearman's coefficient of rank correlation.
inoculated leaf disks in the dark at 20 C for 24 hr. The 1986 experiment. In general, disease ratings of both acetone-
sporangiospores were washed from the leaf disks, stored in a treated and untreated leaf disks decreased with time after
known volume of fixative solution (ethanol, formaldehyde, and transplanting (Fig. 2A). Analysis of variance on logistically
acetic acid, 90:5:5 v/v/v), and counted by using a hemocytometer. transformed data indicated that the higher inoculum

Quantification of DVT. Acetone washings of the leaves were concentration resulted in significantly (P< 0.0001) more disease,
filtered, dried, and redissolved in known volumes of methylene and that acetone treatment significantly (P < 0.0001) increased
chloride (high-pressure liquid chromatography grade). An aliquot disease severity at all except the last three samplings. Disease rating
of the methylene chloride extract was passed through a PrepSep- was significantly (P< 0.0001) higher for bottom than top leaves
Sci extraction column (Fisher Scientific Co., Chicago). The where both were sampled. Sporulation on top leaves declined with
column was washed with 2 ml of methylene chloride and eluted time after transplanting to near zero at the fifth and later samplings
with 1 ml of redistilled acetone into a micro auto sampler vial. (Fig. 2B). Sporulation on bottom leaves was significantly greater
Heptadecanol (50 utg) was used as the internal standard. The than on top leaves at the fifth sampling. Where greater than a trace
solution was dried under nitrogen at 40 C, and 300 MI of 1:1 amount of sporulation occurred, acetone treatment significantly
dimethylformamide and N,O-bis (trimethyl) trifluoroacetamide (P< 0.0001) increased sporulation, and significantly (P< 0.0001)
was added to the residue. The sealed vials were heated at 70 C for more sporulation occurred at the higher inoculum concentration
derivatization. After cooling, 700 tzl of methylene chloride was on untreated leaf disks. However, on acetone-treated leaf disks,
added to each vial. The samples were quantified following the significantly (P< 0.0001) less sporulation occurred at the higher
procedure of Severson et al (8) with gas chromatography. In 1985, than the lower inoculum concentration at the third sampling (the
washings of leaves from the three plants sampled in each block of first sampling where the higher inoculum concentration was used),

-each field were combined before quantification of DVT. In 1986, and there was no significant effect of inoculum concentration on
washings of leaves from each plant were analyzed separately. sporulation at the fourth and later sampling.

This anomalous effect of inoculum concentration on sporula-

RESULTS tion was apparently related to the large amount of necrosis that
was observed on acetone-treated leaf disks inoculated with the

1985 experiment. At all except the first and last samplings, high, but not the low, inoculum concentration. DVT contents in
dipping leaf strips in acetone resulted in a significant (P < 0.05) top leaves were near zero at the first, second, and fourth samplings,
increase in the susceptibility of leaf disks to blue mold (Fig. 1). On but were relatively high at the third sampling and generally
untreated leaf disks, disease rating declined steadily with time after increased from the fourth sampling on (Fig 2C). A heavy rain

occurred one day before the third sampling. In bottom leaves,
DVT contents increased steadily with time after transplanting and
were significantly lower than in top leaves at three of the four

8 - n-- . Disease-Acetone 4 samplings where both top and bottom leaves were assayed.
co To detect relationships between disease rating and DVT content,----o---DVT

correlations were examined for data from individual plants. When
-Z6 3 a) data for all samplings were combined, a highly significanto I'""=- (P = 0.0024) negative correlation was found (Table 2). However,

E4" 2w

T_ , TABLE 1. Linear correlations between disease severity on leaf disks, from
2 T• •1 0 acetone-treated and untreated leaves, sprayed with sporangiospores of

"" Peronospora tabacina (15/cm2
) and duvatrienediols content of top leaves

CI ." ...... .in 1985 field experiment

0 - '- : : 0 Untreated Acetone-treated

o 20 40 60 80 Days afterlevseas
Time after Transplanting (Days) transplanting Na r Probability r Probability

Fig. 1. Disease severity on leaf disks sprayed with 15 sporangiospores of 09 -011 .77 012 074
24 28 -0.421 0.026 -0.448 0.017

Peronospora tabacina per cm
2 of disk area and duvatrienediols content of 382 ±016 095 -37 0.7

top leaves from field-grown (1985) Ky 14 tobacco. Leaf disks were prepared 52 28 -0.149 0.450 -0.051 0.796
from either untreated leaf strips or from strips dipped in acetone. Disease 663 -043 .22 018 029
was rated on a 0-4 scale: 0 =no symptoms; 1 = <25% of the disk area 8 9 ±.8 .4 001 .4
chlorotic; 2- 26-50% chlorotic; 3 = 5 1-75% chlorotic; and 4 = 76-100% Ovrl15 -083 .22 017 006
chlorotic. Values are means of one leaf per plant and nine plants per field
from nine to 11 fields per sampling date. Duvatrienediols content is aFor all except the first sampling, correlations were performed by using
expressed as jig/cm2 of leaf area. Horizontal bars indicate the range of mean values for each block in each of nine to 11 fields. The first sampling
sample collection times for the fields. Vertical bars denote standard error. was performed at the time of transplanting and was not divided by block.
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when analyses were performed for individual samplings, no Because duvatrienediols have been shown to be effective inhibitors
significant (P < 0.05) correlations were detected. Similar results of germination of sporangiospores of P. tabacina (2,6), these
were obtained for both high and low inoculum concentrations, top results could be considered to indicate that age-related resistance is
and bottom leaves, and acetone-treated and untreated leaves, due to an increase in the content of these compounds. Considering
Similar results were obtained by using either traditional linear the appearance of metalaxyl-resistant strains of the fungus (1),
correlation or Spearman's coefficient of rank correlation. Analysis such a relationship might indicate that DVT could be useful for the
of covariance indicated that there was no significant effect of DVT control of blue mold. However, our observation that disease
content on disease rating after the effect of sampling had been resistance also increases with age in leaves from which practically
accounted for. all DVT has been removed indicates that factors other than DV'

Wide variation was observed in disease severity and DVT must play a part in age-related resistance. Furthermore, the low
contents in tobacco leaves of any given age. For example, DVT significance of correlations between disease severity and DVT
contents of less than 0.5 Mg/cm 2 of leaf area were detected in 83% of content at individual sampling times indicates that DVT content is
bottom leaves sampled 41 days after transplanting, but disease
severity for these leaves ranged from 0. 1 to 3.0 on the 0-4 scale, TABLE 2. Linear correlations of disease severity on untreated leaf disks
with a mean of 1.5 (Fig. 3A). At other samplings wide variation was sprayed with sporangiospores of Peronospora tabacina (15/cm 2 or
observed in both DVT content and disease severity. For example, 750/ cm2) and duvatrienediols content of top and bottom leaves in 1986
top leaves sampled 49 days after transplanting had a mean DVT field experiment
level of 3.1 /g/cm 2 of leaf area, whereas the range was from 0.12 to
7.20 (Fig. 3B). The disease severity for these leaves ranged from 0 to Sporangiospores Sporangiospores
3.2, with a mean of 1.2. Days after (15/cm ) (750/cm2)

transplanting r Probability r Probability
DISCUSSION Top leavesa

18 +0.036 0.863
The results that were obtained in this 2-yr field study confirmed 25 -0.351 0.085 +0.048 0.820

previous greenhouse observations that both resistance to P. 33 +0.142 0.496 +0.199 0.344
tabacina and DVT content increase with age of tobacco plants (6). 41 -0.290 0.170 -0.149 0.497

49 -0.058 0.788 -0.300 0.148
60 -0.163 0.469 +0.066 0.770

4 68 -0.395 0.056 +0.198 0.342... Overall -0.423 <0.0001 -0.320 <0.0001
3 - . .Bottom leavesa% 41 +0.220 0.303 -0.476 0.019

_ 49 -0.116 0.590 -0.375 0.0652 - 60 +0.065 0.803 +0.112 0.679

".- % 68 -0.080 0.770 -0.257 0.356
a) Overall -0.333 0.0024 -0.563 <0.0010 .
o 1 " Bottom-Control % aTwenty five plants per sampling period.

.- •--... Bottom-Acetone
---- Top-Control

o .. •- . Top-Acetone 4 , , , , ,
..... a A

E B, Bottom-Control 3 -
I1,......... ..

-. " .---- Bottom-Acetone
Z5 6 Top-Control • a a

0. -- Top-Acetone

" 1 13

Co

-0

S2 13,

O -i~~~ ..... i..... .... ; ..... i..... •.....;"......;......;......;....... ........ ..... i........ .....;".....

C B
•- --o--- Top Leaf 3

•- Bottom Leaf ••1:

a) m2 a
S3 a . a. a
E a_ a *]
b2 1 ,

a aa

'__._, ______ ______ 0 1 2 3 4 5 6 7
o 20 40 60 80 DVT (jig/cm 2Leaf Area)

Time after Transplanting (Days) Fig. 3. Examples of variability in duvatrienediols content and disease
Fig. 2. Effects of time after transplanting in the 1986 field experiment of A, severity on untreated leaves in the 1986 experiment. A, Top leaves, 41 days
disease rating; B, sporulation; and C, duvatrienediols content. Arrows after transplanting; B, Bottom leaves, 49 days after transplanting. Leaf
indicate shower activity. Disease severity and sporulation were determined disks were inoculated with 15 sporangiospores of P. tabacina per cm 2 of
on leaf disks inoculated with 15 sporangiospores of P. tabacina per cm 2 of disk area. Each data point represents an individual leaf. Means are denoted
disk area. Vertical bars denote standard error. by an asterisk.
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