Activity of Juniper Diffusates on Spores of Phomopsis juniperovora
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ABSTRACT

Juniperus virginiana and J. chinensis ‘Keteleeri’
foliage immersed in water yield diffusible substances
that affect spore germination. Concentrations similar
to those that occur in drops of water on J. virginiana
leaves stimulate germination and germ tube elonga-
tion of Phomopsis juniperovora spores. The solutes
from Keteleeri foliage exposed to water for an equal
period have no significant stimulatory effect on P.
juniperovora spores, but if the diffusate from
Keteleeri is concentrated 10 to 40 times, then P.
juniperovora spores are stimulated. Keteleeri is re-
sistant to P. juniperovora infection; J. virginiana is
susceptible. Two active components were isolated,
potassium as K,S0, and an unsaturated carboxylic

acid. The carboxylic acid had ultraviolet absorption
maxima of 212 and 262 mp in distilled water, an
equivalent wt of 105.69, a melting point of 164-
166 C (unc.), and an elemental composition of car-
bon 479, hydrogen 99, and oxygen 449,. Potas-
sium above 1,250 ppm in a 5:1 ratio with sodium
stimulated J. juniperovora spores to germinate. The
carboxylic acid was approximately 16 times more
active, causing stimulation of spores above 77 ppm.
Potassium was found in all juniper diffusates ana-
lyzed, whereas the carboxylic acid was found only
in foliar diffusate from actively growing, 7-year-old
J. wirginiana. Phytopathology 60:491-495.

Phomopsis juniperovora Hahn, the cause of juniper
blight, is a destructive pathogen of many conifers. Pre-
vious investigation of this pathogen centered around
chemical control and mycological studies (1, 2, 3, 9).
The life cycle of P. jumiperovora is not fully under-
stood. For example, the spores can initiate disease in a
susceptible host, but germinate either poorly or not at
all in distilled water (8). This fact suggests that host
diffusates stimulate germination of the spores. The
purpose of this study was to (i) determine the effects
of diffusate from juniper leaves on spore germination
of P. juniperovora; (ii) characterize the nature of any
spore stimulants found; and (iii) correlate the effects
of foliar diffusate on P. juniperovora spores with their
potential for host invasion.

MATERIALS AND METHODS.—Junipers naturally in-
fected with P. juniperovora served as the source of the
isolates used. The fungus cultures were maintained in
the dark on cornmeal agar at 25 C; spore masses were
harvested randomly after 30 days. )

Juvenile leaves were excised from Juniperus vir-
giniana L. and J. chinensis L. ‘Keteleeri’ Cornman,
which are susceptible and resistant to P. juniperovora,
respectively. The leaves were arranged separately on
parloidin coated slides. A drop of spore suspension (25
spores/ X450 microscopic field) covered each leaf on
the slide, which was then incubated in a petri dish moist
chamber for 24 hr at 25 C. After incubation the leaves
were removed, and per cent spore germination for 200
randomly selected spores was recorded and compared
to germination in drops of spore suspension only.
Spores were considered germinated if the germ tubes
were as long as the width of the spore. Germ tube
length was measured for 25 randomly seIec_tgd spores
that germinated in diffusate from J. virginiana and
Keteleeri juniper and in distilled water. Under the con-
ditions obtained, the concentration of diffusible sub-

stances from the leaves was considered comparable to
that which occurs in water drops on juniper leaves in
nature.

Concentrated diffusates were obtained by suspending
the foliage of intact plants in distilled water at room
temperature for 24 hr, then reducing the extracting
solution under vacuum at 43 C to one-fortieth its origi-
nal volume (X40). The x40 diffusates were serially
diluted 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, and 1:64 with
distilled water, and bioassayed for stimulation of P.
juniperovora spore germination and germ tube elonga-
tion by adding an equal volume of spore suspension to
each dilution of the diffusate. Spore germination and
germ tube growth were measured as previously de-
scribed.

The crude x40 diffusates were fractionated and puri-
fied according to the scheme in Fig. 1. Purification was
evaluated by comparing the extent to which a crude
x40 diffusate and each of the resulting fractions could
be diluted before losing its ability to stimulate P.
juniperovora spores.

Spore germination stimulants in diffusates were iso-
lated, using thin-layer and paper chromatography. Thin-
layer plates were made using Silica Gel G (E. Merck
A. G., Darmstadt, Germany) according to Randerhath
(10). The solvent system was methanol:acetic acid
(9:1, v/v). Whatman No. 1 filter paper was used for
paper chromatography. The solvent system was #n-
butanol: acetic acid: water (4:1:5, v/v, organic phase).
The detection reagents were 0.1 N AgNO, in 5 v NH,OH
(1:1) heated to 110 C; concentrated H,SO, heated to
110 C; 19 ethanolic FeCly; and 19 KMnO, in 2%
NayCOy. Paper chromatograms were spotted with ap-
proximately equal amounts of a purified diffusate, irri-
gated in the solvent system, air dried, and divided longi-
tudinally into equal halves. One-half was developed
with one of the detection reagents. The other half was
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‘ig. 1. Scheme used to fractionally purify foliar dif-
fusate from dormant and actively growing 7-yr-old Juni-
perus virginiana and from actively growing 1-yr-old J.
chinensis ‘Keteleeri’ grafts.

divided into segments from the baseline to the solvent
front. These segments were bracketed to correspond
with the developed and undeveloped areas found on
the reagent-sprayed chromatograms. Each segment was
cut into smaller sections, eluted with distilled water,
and bioassayed for the presence of a germination
stimulator. Thin-layer chromatograms were handled
similarly, except that development and elution of the
chromatograms were carried out on separate thin-layer
plates.

The infrared spectra for isolated germination stimu-
lants were obtained in KBr pellets using a Model IR-8
Infrared spectrophotometer, Beckman Instruments,
Inc.

ResuLts.—Activity of juniper diffusates on P. ju-
niperovora spores—Diffusate from J. ovirginiana,
evaluated at the concentrations created by immersion
of single leaves in drops of spore suspension, stimulated
spore germination to 959 and germ tube length to
30.1 p. Spore germination and germ tube length in leaf
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diffusate from Keteleeri juniper were 289, and 7.3 p,
respectively, which were not significantly different from
spores incubated in distilled water alone. However,
when foliar diffusates were concentrated, both J. wvir-
giniana and Keteleeri juniper diffusates stimulated P.
juniperovora spore germination and germ tube growth
(Table 1). The stimulatory substances present in con-
centrated J. virginiana diffusate were 32 times more
effective at stimulating germination of spores than
were those in the Keteleeri diffusate (Table 1).

Germ tube growth caused by J. virginiana diffusate
was always greater than that incited by Keteleeri juni-
per diffusate regardless of the concentration (Table 1),
Germ tube length in distilled water rarely increased
appreciably with an increased incubation period. When
spores were stimulated to germinate by J. virginiana
diffusate, germ tube branching was so prolific that a
48-hr incubation period resulted in the further develop-
ment of a mycelial mat. Some spores exposed to the
higher concentrations of J. virginiana diffusate exhibited
an abnormal type of germination; germ tubes grew at
random from the sides of the spore instead of emerging
at the poles.

Fractionation of diffusate from dormant, 7-year-old
J. wvirginiana foliage—Paper chromatograms of the
purified diffusate from dormant, 7-yr-old J. virginiana
contained just one segment at Ry = 0.09 that stimu-
lated P. jumiperovora spore germination (Table 2).
Similar results were obtained when the purified diffusate
was chromatographed on thin-layer plates (Table 2).
The spore stimulant was not detected with concentrated
H,SO,4, which indicated that the active spot was an
inorganic compound. Crystallization of the inorganic
germination stimulant was accomplished by further
concentrating the purified diffusate on a hot water bath
at 60 C and adding absolute methanol dropwise until
the solution neared cloudiness. Crystals formed within
24 hr at 5C.

The IR spectrum for this germination stimulant
showed only one broad peak at 9.1 w. This peak is
indicative of unconjugated sulphate ions (6). A quali-
tative test for sulphate ion (16) was also positive,
Knowledge of the positive ion associated with the sul-

TasLe 1. The effect of concentration of foliar diffusate from Juniperus virginiana and J. chinensis ‘Keteleeri’ on spore
germination and germ tube length of Phomopsis juniperovora

J. virginiana J. chinensis ‘Keteleeri’

Germ tube Germ tube
in ub in ub

Dilution of % Spore Fngiing % Spore raphiny
X 40 diffusate germination® 24 hr 48 hr germination® 24 hr 48 hr
Distilled water 32 5.1 5.6 29 48 51
1:2 §5¢ 26.1 d 53¢ 112 16.7
1:4 84¢ 243 a 37 9.8 15.1
1:8 70¢ 22.1 d 22 7.1 9.1
1:16 64c 17.8 da 23 74 9.1
1:32 50¢ 14.7 201 26 8.1 10.3
1:64 42¢ 15.1 22.1 25 7.6 100
1:128 36 8.2 10.4 27 78 8.7

# Based on 200 spores/treatment,
b Based on 25 randomly selected germinated spores/treatment.

¢ Significantly different from spore germination in distilled water at the 5% level.
4 Germ-tube growth was so prolific that individual germ tubes could not be distinguished.
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'I“Anms 2. The isolation on paper and thin-layer chromatograms of the spore stimulants in purified foliar diffusate from
actively growing (AG-7]JV) and dormant (D-7JV) 7-yr-old Juniperus virginiana and from actively growing J. chinensis

‘Keteleeri’ (JCK)

Paper chrematograms

Thin-layer chromatograms

R, values of eluted
segments causing

R value of

Ry values of eluted

segments causing R, value of

Diisatic spore stimulation? spots detected® spore stimulation® spots detected®
reagent AG-7JV D-7JV JCK AG-7JV D-7JV  JCK AG-7]JV D-7JV JCK AG-7]JV D-7JV JCK
Ammoniacal
AgNO3 0.09 0.09 0.09 0.09d 0.094 0.094
0.78 0.34% 0.34¢e 0.34¢
Concd H,S0, 000 000 000 079 079 0.9
0.88 0.88
FeCly 0.09 0.09 0.09 0.78 none none 0.00 0.00 0.00 0.88 none  none
0.78 0.88
KMnO,i 0.09 0.09 0.09 0.34 0.34 0.34 0.00 0.00 0.00 0.79 0.79 0.79
0.78 0.78 0.88 0.88

4 Chromatograms were divided into segments from baseline to solvent front, eluted with distilled water, and each seg-

ment was then tested for stimulation of P. juniperovora spores.

b The Ry values were from chromatograms developed in n-butanol:acetic acid:water (4:1:5).
¢ The Ry, values were from chromatograms developed in absolute methanol:acetic acid (9:1).
4 The spot was distinct, but an atypical white color developed that turned purple with time.

¢ This was not a distinct spot, but a streak that developed.

phate ion was important, since either ion or both could
be the active agent. The presence of sodium and po-
tassium ions was determined by use of a Model 52A
Perkin-Elmer flame photometer, and the direct inten-
sity method was used to evaluate the unknown amounts.
Potassium and sodium ions were found present in the
purified diffusate at levels of 6,200 and 1,200 ppm, re-
spectively. Hence, K,SO,; and Nay,SO, appeared to be
present in a ratio of 5:1.

In order to determine which ion or ions were re-
sponsible for increasing P. juniperovora spore germina-
tion, 40,000-ppm stock solutions of analytical grade
NaCl, KCl, Na,SO,, and K.S0, were prepared. The
concentration of the NaCl and KCI solutions was based
on the sodium and potassium ions, but the concentra-
tion of Na,S0, and K50, solutions was based on the
sulphate ion. All the stock solutions and 5:1 ratios
of KCI/NaCl and K,S0,/Na,SO; were serially di-
luted 1:2, 1:4, 1:8, 1:16, and an equal volume of
P. juniperovora spore suspension was added to test for
stimulation of germination.

When potassium was present at 2,500 ppm or more,
spores of P. juniperovora were stimulated to germinate
(Tables 3, 4). Sodium as NaCl and sulphate as Na,SO,
at comparable concentrations had no significant effect
on spore germination. Potassium sulphate had no
greater effect than KCl. However, potassium with
sodium in a 5:1 ratio, or as K,S0,/Na,S0,, enhanced
the activity of potassium.

Fractionation of diffusate from actively growing, 7-
yr-old J. virginiana foliage—Two different segments of
paper chromatograms, spotted with purified diffusate
from actively growing J. virginiana foliage, contained
spore germination stimulants (Table 2). These results
were confirmed by chromatography of the diffusate on
thin-layer plates (Table 2). One of the germination
stimulants was inorganic, and found to be potassium as

K,S0,, according to the methods previously discussed.
The other germination stimulant was crystallized by
adjusting the purified diffusate with 1~ HCI to approxi-
mately pH 1.0, and extracting with an equal volume of
diethyl ether. The ether extract produced crystals after
concentration under a N atmosphere, The IR spectrum
for this spore germination stimulant showed a broad
band of absorption from 2.9 to 3.6 p, with other absorp-
tion maxima at 5.9, 7.1, 7.65, 8.35, and 10.9 n. These
areas of absorption are typical of organic acids (12).
The germination stimulant also evolved CO, in 5%
NaHCO, solution, a characteristic of carboxylic acids.

Tasre 3. Germination of Phomopsis juniperovora spores
in water containing different amounts and ratios of sodium
and potassium sulphate salts

Anion % Spore

Compound in ppm germination?
Distilled water 0
Na,50, 10,000 0
Na,S0, 5,000 1
Na,S0, 2,500 0
Na,S0, 1,250 0
NayS0, 625 0
K,S0, 10,000 67b
K,S0, 5,000 55D
K,80, 2,500 0
K,S0, 1,250 0
K,S0, 625 0
K,S0,/Na,S0, 10,000/2,000 801
K,S0,/Na,S0, 5,000/1,000 7h
K,S0,/Na,S0, 2,500/500 320
K,80,/Na,S0, 1,250/250 5
K,50,/Na,S0, 625/125 0

& Based on 200 spores/treatment.
b Significantly different from spore germination in dis-
tilled water at the 5% level.
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Tapre 4. Germination of Phomopsis juniperovora spores
in water containing different amounts and ratios of sodium
and potassium chloride salts

Cation Y0 Spore

Compound in ppm germination
Distilled

water 0
NaCl 10,000 1
NaCl 5,000 1
NaCl 2,500 1
NaCl 1,250 0
NaCl 623 0
KCl1 10,000 63b
KCl 5,000 56b
KCl 2,500 2
KCl 1,250 0
KCl 625 0
KCl/NaCl 10,000/2,000 7
KCl/NaCl 5,000/1,000 660
KCI/NaCl 2,500/500 3ob
KCI/NaCl 1,250/250 3
KC1/NaCl 625/125 1

@ Based on 200 spores/treatment.
b Significantly different from spore germination in dis-
tilled water at the 5% level.

Sulphur was not detected in the stimulant using the
method of Vogel (15). Carbon, hydrogen, and N were
determined on a Model 185 F & M carbon-hydrogen-N
analyzer. The results were carbon 47.29%, hydrogen
8.69,, and N 0.3%. Since an insignificant amount of
N and no sulphur were detected, oxygen, the organic
element unaccounted for, would equal about 449, of
the elemental composition, The equivalent wt was de-
termined as 105.7 following the procedure of Vogel
(15), except that sample sizes ranged from 0.617 to
2.466 mg. A pH titration curve using standard 0.001 N
NaOH was calculated, and no leveled-off areas were
observed within the titrated range of pH 1.5-10.5. The
bromine and Baeyer’s tests for unsaturation both indi-
cated the presence of a double bond. The ultraviolet
spectrum was taken on a Model 15 Cary recording
spectrophotometer, and revealed absorption peaks at
212 and 262 mp in distilled water. The melting point,
determined on a Thomas-Hoover capillary melting point
apparatus, was 164-166 C (unc.). These results suggest
that the unknown spore germination stimulant can be
tentatively identified as an unsaturated carboxylic acid.
The carboxylic acid was bioassayed for stimulation of
P. juniperovora spore germination at concentrations of
616, 308, 154, 77, and 38.5 ppm. The spores were in-
cited to germinate at concentrations as low as 77 ppm.
This activity was approximately 16 times greater than
that of potassium, since potassium was found to be
active at a minimum concentration of 1,250 ppm.

Fractionation of diffusate from actively growing, 1-
yr-old Keteleeri juniper foliage.—Paper and thin-layer
chromatograms of purified diffusate from Keteleeri ju-
niper developed one spot which had a spore-germina-
tion stimulant present (Table 2). The IR spectrum and
flame photometric analysis of this spot, carried out as
described, indicated the stimulant to be potassium as
K,S0,.

DiscussioN.—Resistance may be contingent upon
the shortage or absence of one or more plant metabo-
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lites essential for successful colonization of a host by
a parasite (17). The presence or absence of spore
stimulators found in water leachates from castor bean
capsules (7) and grape berries (5) has been correlated
with the success or failure of infection by Botrytis
cinerea. The factors responsible for successful infection
were identified as glucose and fructose. Keitt et al. (4)
also implicated the role of host metabolites in determin-
ing susceptibility or resistance in their studies on the
host-parasite interactions in apple scab disease. The
resistance of the Keteleeri juniper to Pkomopsis blight
may also be explained on this basis. When the diffusible
substances were tested at concentrations that exist in
water drops on leaves, spores of P. juniperovora germi-
nated and grew profusely in diffusate from a susceptible
juniper, but not in diffusate from the resistant Keteleeri
juniper.

Spores of many fungi have been stimulated to germi-
nate by minerals as well as by a variety of organic
materials. Among the many reported inorganic and
organic fungal spore stimulants are potassium salts and
organic acids (13). The occurrence of large amounts of
potassium in foliar diffusate is not uncommon, Tukey
& Morgan (14) reported losses by leaching in 24 hr as
high as 80-909, of the total potassium content of above-
ground plant parts. Organic acids present in biologically
important concentrations have also been shown to be a
primary constituent of foliar leachates (11). Both a po-
tassium salt and an apparent carboxylic acid have
been found in diffusates of J. wirginiana. Although the
Keteleeri juniper exhibits resistance to P. juniperovora
in the field, foliar diffusate from this plant contains
potassium as a spore germination stimulator. The potas-
sium concentration is apparently too low, however, to
cause any spore germination in natural leaf-surface
water films.

The physiological condition of junipers affects the
composition of foliar diffusate. The foliar diffusate
from 7-yr-old, dormant J. wvirginiana plants has only
potassium as a spore stimulatory component, but if
plants of the same age are actively growing, potassium
and a spore-stimulating carboxylic acid are present.

In Rhode Island, juniper-blight symptoms usually
appear at the beginning of August. Since blight symp-
toms develop within 4 to 6 weeks after inoculation,
field infection of junipers must have occurred when
the plants were developing new growth. The presence
of the more active carboxylic acid in the actively grow-
ing juniper, and the absence of it in the dormant
juniper, presumably determine the relative chances for
infection, and might explain the pattern of disease
development under natural conditions.

The age of junipers may also be an important factor
in altering diffusate composition qualitatively. Pre-
liminary experiments have shown that foliar diffusate
from actively growing, 2-yr-old J. wvirginiana has at
least three distinct P. juniperovora spore stimulants:
an inorganic substance, a FeClg-positive substance, and
a substance with properties of a glycoside (8).

The possible role of microbial metabolites themselves
in determining diffusate composition has also been con-
sidered, but was believed to be unimportant (8).
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The spore stimulant, tentatively identified as a car-
boxylic acid, was never isolated from diffusates of the
resistant Keteleeri juniper. Diffusate from J. virginiana
contained the carboxylic acid, but only when the foliage
was actively growing and in its most susceptible state
for infection by P. jumiperovora. These facts, together
with the fact that the carboxylic acid was 16 times
more active on P. juniperovora spores than potassium,
suggest that this substance is of particular interest in
the incidence of blight in junipers.
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