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Abstract. The molds Botrytis cinerea, Clados- 
porium cladosporioides, and the yeast Aureobasid- 
ium pullulans, isolated from the leaves of three 
short-rotation Salix clones, were found to produce 
indole-3-acetic acid (IAA). Abscisic acid (ABA) 
production was detected in B. cinerea. The con- 
tents of IAA and ABA in the leaves of the Salix 
clones and the amounts of fungal propagules in 
these leaves were also measured, in order to eval- 
uate whether the amounts of plant growth regula- 
tors produced by the fungi would make a significant 
contribution to the hormonal quantities of the 
leaves. The content of ABA, and to a lesser degree 
that of IAA, showed a positive correlation with the 
frequency of infection by the hormone-producing 
organisms. The amounts of hormone-producing 
fungi on leaves that bore visible colonies were, 
however, not sufficiently high to support the claim 
that either the fungal production of ABA or IAA 
would significantly contribute to the hormonal con- 
tents of the leaves of the Salix clones. It is therefore 
suggested that the effect of fungal IAA production 
on plants is limited to the rhizosphere and that B. 
cinerea, which is a known pathogen, induces ABA 
production by the mother plant as a response to 
physiological stress. 

Abscisic acid (ABA) is an important endogenous 
plant growth regulator and is involved in the re- 
sponse mechanisms of plants to changing environ- 
mental conditions. ABA has, apart from this, a 
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A b b r e v i a t i o n s :  ABA, abscisic acid; ABA-Me, abscisic acid meth- 
yl ester; GC-MS-SIM, gas chromatography-selected ion moni- 
toring-mass spectrometry; IAA, indole-3-acetic acid; IAA-Me, 
indole-3-acetic acid methyl ester. 

clearly demonstrable inhibitory action when applied 
externally to growing organs. It is therefore of in- 
terest when considering the plant-microbe interac- 
tion that some phytopathogenic fungi are also able 
to produce this growth regulator (Marumo et al. 
1982, D6rftling et al. 1984, Assante et al. 1977, Ori- 
tani and Yamashita 1985, Okamoto et al. 1987). The 
role of ABA in the host-pathogen relationship is, 
however, as of yet poorly understood. There are 
some reports in the literature showing that in plants 
infected by pathogenic fungi, the level of ABA is 
increased. The possibility has been raised that this 
increase is a response of the plants to stress, being 
the result of infection rather than the cause of it 
(Pegg 1976). 

Indole-3-acetic acid (IAA) is the principal auxin 
in higher plants. The production of extraceUular 
IAA has been recorded in several fungi and bacteria 
(Navarro et al. 1975, Woehler 1990). IAA is present 
in soil, synthetized by the autochtonous microflora 
(Stevenson 1964, McLaren and Peterson 1967, 
Strzelczyk and Karwowska 1969, Strzelczyk et al. 
1973). IAA has been isolated or auxin activity found 
in culture filtrates of a high percentage of hetero- 
trophic microflora present in an environment where 
they might influence plant growth (Waksman 1952, 
Gibson 1959, Puroshothaman et al. 1974). Libbert et 
al. (1966) also found that the IAA in the plant is 
actually contributed by the microorganisms, partic- 
ularly bacteria present near the root system. 

It has been claimed that microbial synthesis of 
plant growth regulators may be an important factor 
in soil fertility (Kampert and Strzelczyk 1975). A 
change of the bacteria population can indirectly in- 
fluence plant growth. It would seem likely that 
growth regulators, such as ABA and IAA, produced 
by soil-borne microorganisms would play a role in 
this mechanism. 

IAA production in fungi and bacteria, present in 
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t h e  r h i z o s p h e r e  o f  p l a n t s ,  is  w e l l  k n o w n ,  a n d  it  
s e e m s  p r o b a b l e  t h a t  t h e  r h i z o s p h e r e  o f  p l a n t s  is 

s u p p l i e d  w i t h  e x t e r n a l  I A A ,  o w i n g  t o  m i c r o b i a l  p r o -  

d u c t i o n .  T h e r e  h a s  y e t  to  s u r f a c e ,  h o w e v e r ,  a t h e -  

o r y  t h a t  w o u l d  e x p l a i n  t h e  r o l e  o f  t h i s  p r o d u c t i o n  in  

p l a n t - m i c r o b e  i n t e r a c t i o n s  ( M a y e r  1989,  G a r d a n  e t  

al .  1992).  T h e  a i m  o f  t h i s  s t u d y  w a s  to  d e t e r m i n e  

w h e t h e r  I A A  o r  A B A  p r o d u c t i o n  d o e s  t a k e  p l a c e  in  

f u n g i  i s o l a t e d  f r o m  t h e  l e a v e s  o f  t h r e e  w i l l o w  

c l o n e s ,  in  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  p h y l l o -  

s p h e r e  o f  p l a n t s  is a l s o  s u p p l i e d  w i t h  e x t e r n a l l y  p r o -  

d u c e d  I A A  o r  A B A .  F u r t h e r m o r e ,  w e  a t t e m p t e d  to  

e s t i m a t e  w h e t h e r  t h i s  p r o d u c t i o n  c o n s t i t u t e s  a sig-  

n i f i c a n t  a d d i t i o n  t o  t h e  t o t a l  h o r m o n a l  a m o u n t s  in  

t h e  l e a v e s .  

Materials and Methods 

Strains and Growth Conditions 

The fungi were originally isolated from the leaves of three willow 
(Salix) clones, aimed to be used by the chemical industry and as 
fuel for energy production: S. myrsinifolia Salisb. clone V78, S. 
dasyclados clone P6011, and S. viminalis clone S-HK-81-2X. 
The fungi were identified as Botrytis cinerea, Cladosporium cla- 
dosporioides, and Aureobasidium pullulans. The leaves were 
collected from plants grown in the field at Kotkaniemi Research 
station of Kemira, Ltd. (Vihti, Finland). The pure cultures were 
rotated in 1-month intervals, and stored at +5~ and then 
moved to room temperature l day prior to inoculation. 

The growth medium contained the following ingredients: l0 g 
KNO 3 (Merck), 5 g KH2PO 4 (Merck), 0.25 g MgSO 4 (Merck), 0.4 
g FeCl 3 (Merck), 20 g glucosemonohydrate (Merck), and r 5 g 
neopeptone (contains tryptophane) (Difco) per 1000 ml of dis- 
tilled water. The fungi were cultivated for 14 days at room tem- 
perature (20-23~ on a rotary shaker (160 rpm, Certomat) in 
two parallel 250 ml shake flasks, containing 100 ml of medium. 
During the growth, the fungi were subjected to daylight, with the 
same light period as outside, even though the production of ABA 
by B. cinerea is enhanced in the dark and even more so when it 
is subjected to blue light (Marumo et al. 1982). This was done in 
order to simulate light circumstances in the field. 

Preparation o f  Samples  

The mycelium of B. cinerea and C. cladosporioides was sepa- 
rated from the growth medium by filtration (Whatman No. 3 
paper). The growth medium was retained, and the mycelium 
washed with distilled water and frozen (-60~ before lyo- 
philization 48 h (Christ Alpha 2--4). The cells ofA. pullulans were 
separated from the growth medium by centrifugation (2000 g, 
5~ 30 min), the supernatant was retained and the cells were 
washed twice with 10 ml of distilled water. Thereafter the cells 
were transferred to Whatman No. 3 filter paper, were frozen and 
lyophilizated. The fungal samples were stored at - 60~ and the 
growth media at + 5~ before extraction and derivatization of 
plant hormone. 

The leaf samples were collected from the three willow clones 
in September 1992. Seemingly intact leaves, as well as leaves 

that showed visible signs of infection by fungi, were collected for 
the analysis of plant hormones. The leaves that were collected 
for the analysis of ABA and IAA were fully developed and not 
senescent. The leaf samples were frozen to -60~ and lyophi- 
lized (Christ Alpha 2-4) before quantitation of the plant hor- 
mones. Parallel samples of lyophilized leaf material (1 g) were 
weighed for the analysis. The samples were treated similarly as 
the myceliar samples for the extraction and derivatization of 
plant hormone. 

Extraction o f  Plant  Hormone  

All glassware was soaked in a 5% solution of Surfacil (Pierce 
Chemical Co.) in hexane and oven-dried for 1 h at 100~ After 
cooling, the glassware was rinsed with methanol. All solvents 
were of HPLC-grade. All the sample preparations were carried 
out under dim light. Samples and extracts were stored at + 5~ 
when not in use. If the samples had to be stored for longer 
periods, they were moved to - 20~ All samples were saturated 
with nitrogen between preparation steps to minimize oxidative 
decomposition. 

The fungal and the leaf samples were ground with a mortar and 
pestle and the samples were extracted overnight with 70% (vol/ 
vol) acetone, containing 20 mg/L- ~ of the anti-oxidant butylated 
hydroxytoluene (BDH Limited) at 4~ in the dark, under con- 
tinuous stirring. The slurry was centrifugated (2 min, 1500 g, 
8~ and the supernatant was retained. The pellet was reex- 
tracted for 3 h, the slurry centrifugated and the supernatants 
were combined. The combined supernatants were then evapo- 
rated to the aqueous phase in a rotavapor, saturated with N2, at 
35~ The aqueous solution, containing the myceliar or the leaf- 
derived ABA and IAA was after this treated similarly as the 
growth medium, containing the extracellular ABA and IAA, for 
the extraction of plant hormone. A similar amount of pure 
growth medium as was used for the cultivation of the fungi was 
measured for ABA and IAA content as well. 

The pH of the solution was adjusted to 8.5 with a freshly 
prepared half saturated solution of NaHCO 3. The alkaline aque- 
ous extract was then washed three times with chloroform and the 
organic phase, containing pigments, was discarded. The remain- 
ing aqueous solution was acidified (pH 2.5) with 1 N H2SO 4 and 
extracted three times with ether. The ethereal extract was evap- 
orated to about 4 ml under N2 and dried over anhydrous NaESO 4. 
The extract was retained and the NazSO4 washed once with 
ether. The ethereal extracts were combined and evaporated to 
about 50 i~l under N z, after which the samples were subjected to 
thin layer chromatography on aluminium sheets coated with kie- 
selgel 60 F254 (Merck). The eluent contained toluene, ethyl ace- 
tate, and acetic acid (50:30:4). The plates were developed, in the 
dark, to 15 cm. The ABA and the IAA spots were identified by 
comparing to standards ((+-)cis, trans-ABA, Sigma; IAA, 
Sigma). The Rf of ABA was 0.29 and the Rf of IAA 0.37. The 
ABA and IAA spots were scraped of from the plate and ex- 
tracted overnight with diethyl ether, after which the ether was 
retained. The remaining kieselgel was reextracted twice with di- 
ethyl ether and the combined ethereal extracts were evaporated 
to about 50 p~l under N2, transferred to microvials and dried in a 
desiccator for 2 days at + 5~ in the dark. The atmosphere in the 
desiccator was saturated with N 2. 

G C - M S - S I M  Analysis 

The dried samples were methylated in capped vials with 60 p,1 of 
methyl-8 reagent (2 mEq �9 ml -  1 in pyridine, Pierce) for 30 min at 
90~ The methylated samples were analyzed with a Hewlet- 
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Table 1. The amounts and the distribution of the fungi among the intact and visibly 
infected leaves of the three Salix clones)  

S. dasyclados S. myrsinifolia 
P6011 V78 

S. viminalis 
S-HK-2X Intact Infected Intact Infected 

A. pullulans 104 - -  - -  8 x 104 3 x 104 
C. cladosporioides 3 x 103 - -  3.3 X 10 3 7 x 10 ~ 7 • 103 
B. cinerea - -  - -  50 - -  100 

a S. viminalis S-HK-2X did not bear any visibly infected leaves. The numbers refer 
to colonies per g fresh weight. 
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Packard 5890A gaschromatograph, equipped with a HP5971 
mass-selective detector, a capillary inlet system and a model 
7673A high-speed automatic liquid sampler with a 10 i~1 syringe. 
The conditions were as follows: J&W Scientific DB-17HT (30 m 
x 0.2 mm • 0.33 I~m) column; carrier gas helium, column flow 
rate approximately 1.0 ml rain-l ;  septum purge flow-rate 1-2 ml 
min-1; column inlet pressure 70 kPa; injector temperature 
250~ ion-source temperature 180~ molecular separator tem- 
perature 135~ electron energy 70 eV and trap current 300 IxA. 
The column temperature was initially held at 80~ for 1 min, then 
programmed at 10~ min-1 to 250~ and held at 250~ for 20 
min. Under these conditions, IAA-Me and ABA-Me had reten- 
tion times of 16.80 and 18.60 min, respectively. When the equip- 
ment was operated in SIM mode, IAA-Me was analyzed by mon- 
itoring the molecular ion at m/z 189.15 together with the major 
fragment ion at m/z 130.05. ABA-Me was analyzed by monitor- 
ing the major fragment ion 190.05 m/z and the ion m/z 160.10. 

The calibration curves used in the quantitation of the samples 
was drawn up using three external standards. The external stan- 
dards were methylated with the same procedure as the samples. 
The error limits shown were measured by performing a double- 
sided student's T tests with 95% confidence interval on the de- 
viation from the mean of four external standards. The external 
standards were subjected to the same treatments as the samples. 
The overall recovery of the hormones, as calculated from these 
four external standards were 83.7% (ABA) and 72.8% (IAA), and 
they were taken into account when calculating the results. The 
detection limits for both compounds were 100 pg i~1-1, and the 
linear range for ABA was 100 pg ixl- J - 100 ng Ixl- l and for IAA 
100pglxl i _ 20ng~1-1.  

The sensitivity and reproducibility of the GC/MS apparatus 
used and the relatively small error limits of the extraction pro- 
cedure (13% for ABA, 21% for IAA) enabled us to exclude the 
use of internal standards, such as [2H4]IAA, [13C6]IAA, or 
[2H3ABA] in the samples. Consequently, the use of error limits 
did not significantly affect the interpretation of our results. 

Quantitative Determination of  Fungi 

One gram of leaf material was submerged in 99 ml of physiolog- 
ical salt solution and homogenized aseptically (Ultra-Turrex, 
IKA). Spread plates were prepared with 200 Vd of diluted sam- 
ples on PDA (Difco) plates, containing 0.05% ampicilline 
(Sigma). The formation and the amount of different colonies 
were determined visually. Three parallel samples were prepared. 
The cell number in the cultivation media of A. pullulans was 

enumerated microscopically, using the Hawksley glass counting 
chamber (A 70 Helber, Hawksley, Ltd., Lansing, England). 

Results and Discussion 

Fungal Strains 

In this study, three fungi, isolated from Salix clones 
were assayed for indole-3-acetic and abscisic acid 
production. The fungi are all classified as Deutero- 
mycetes: B. cinerea is a phytopathogenic fungus 
and causes serious gray mold disease of many kinds 
of cultivated plants; C. cladosporioides is a com- 
mon habitat of both plant material and in soil and 
has been reported to produce leaf spots on certain 
plants (Holliday 1980, Mankarios 1978); A. pullu- 
lans (Pullutaria pultulans) is a ubiquitos saprophyte 
that occurs commonly in the phyllosphere of plants 
and is believed to have a central role in initiating the 
natural breakdown and recycling of plant material. 
A. pullulans is a yeastlike organism, whereas B. 
cinerea and C. cladosporioides are molds. C. cla- 
dosporioides was present on the leaves of all three 
Salix clones; A. pullulans and B. cinerea could be 
isolated from the leaves of two of the three clones 
(Table 1). 

lndole-3-Acetic Acid Production 

Figure 1 exemplifies a typical GC-MS-SIM gaschro- 
matogram of a microbial sample (B. cinerea). For 
comparison, the chromatogram of a hormonal stan- 
dard, containing both ABA-Me and IAA-Me, is also 
shown. A large peak with the same retention time 
(16.80 rain) as authentic IAA-Me was detected. 
When the samples were analyzed with SCAN- 
detection, mass-spectras that corresponded well 
with the IAA-Me standard were obtained for this 
peak (Fig. 2). Consequently, the three fungi all pro- 
duced IAA in the growth conditions used. The 
growth medium of A. pullulans contained consider- 
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Fig. 2. The mass-spectra of  an IAA-Me standard, and the spectra of  IAA,  extracted and derivatized from the growth medium of  the three 
fungi. 

ably more IAA than those of the two other fungi (44 
--- 9 ng ml-1), the media of B. cinerea containing 
least IAA (0.7 -+ 0.1), even though the mycelium of 
this fungi contained more IAA than the mycelia of 
the two other fungi (Table 2). 

Jump (1938) suggested that a phytohormone pro- 
duced by A. pullulans may have been responsible 
for forking in red pine. Pentland (1965), who found 
this compound to stimulate the rhizomorph devel- 

opment of Armillaria mellea, described it as a vol- 
atile growth-promoting substance, the effect of  
which he could not mimic by the external addition 
of IAA. Buckley and Pugh (1971), on the other 
hand, reported the production of IAA by an A. pul- 
lulans strain isolated from sycamore trees, as indi- 
cated by the Avena coleoptile test and paper chro- 
matography. Interestingly, they reported maximal 
IAA production (150 ng ml -  1) at 15~ rather than 5 ~ 
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Table 2. The ABA and IAA concentrations in the growth media and the mycelia of 
the three fungi. 

Fungi ABA IAA 

B. cinerea 
Growth medium 1.60 +-- 0.21 ng ml-  
Mycelium 196 - 26 ng g -  

C. cladosporioides 
Growth medium Nil 
Mycelium Nil 

A. pullulans 
Growth medium Nil 
Mycelium Nil 

0.717 • 0.15 ngml  - t  
1 2 8 •  

6.11 - 1.3 ng m1-1 
91.2 - 19ngg -~  

43.8 •  ml - I  
84.0 • 1 8 n g g - 1  

153 

or 25~ IAA production by C. cladosporioides and 
B. cinerea has not been reported previously. 

The content of free IAA in plants is usually be- 
tween 1 and 100 ng g-1 fresh wt tissue (Schneider 
and Wightman 1974, Bandurski and Schulze 1977, 
Sandberg et al. 1987), which corresponds well with 
the present data (Fig. 3). There seemed to be a 
slight positive correlation between the frequency of 
infection by fungi and the concentration of IAA in 
the leaves (Fig. 3). The cell number in the cultiva- 
tion media of the yeast A. pullulans was used to 
estimate whether IAA production by fungi, coloniz- 
ing the leaves, could account for this correlation. At 
the termination of cultivation, the cell number in the 
growth media of A. pullulans was 1.94 x 108 cells 
ml-  1 and the IAA concentration was 43.8 ng ml-  i. 
This gives an IAA production of 2.26 x 10 - 7  ng 
cell- i. Given that the production of IAA by A. pul- 
lulans colonies, colonizing the leaves of the Salix 
clones was of the same magnitude, this would give 
a contribution of 0.00226--0.0181 ng g-1 fresh wt 
(Table 1) externally applied to the leaves. This 
amount would seem to be very low when compared 
to the magnitude of the IAA content in the leaves of 
the clones (200--500 ng g - l ;  Fig. 3). A similar com- 
parison cannot be made with the two molds, owing 
to their growth characteristics; however, when 
taken into account that the dry weight of all the 
fungi at termination of growth were similar, and 
since the two other fungi produced IAA in lesser 
amounts than A. pullulans, it would seem likely that 
neither of the two molds colonizing the leaves of the 
mother plant produce IAA in amounts that could 
have physiological significance. 

Libbert and Silhengst (1970) proved in their ex- 
periments with epiphytic IAA-producing bacteria 
that IAA produced by microbes is taken up by 
plants. The present study suggests, however, that 
fungal-derived IAA, externally applied to the leaves 
of the host plant, is a neglible factor when consid- 
ering the physiology of the leaves. The carrying ca- 

pacity of leaf surfaces for microbes is low relative to 
other plant habitats, particularly roots (Fokkema 
and Schippers 1986). Consequently, the amounts of 
fungal propagules in the rhizosphere and hence the 
concentration of external IAA produced by these 
fungi is presumably higher than in the phylloplane, 
which would mean that if fungal production of IAA 
does have any role in the plant-microbe interaction, 
then these effects are directed to the rhizosphere. It 
remains to be seen, however, what the fungi have to 
gain from this relationship. 

Abscisic Acid Production 

ABA production in the given conditions was de- 
tected only in B. cinerea (Table 2). Previously, 
ABA production by a B. cinerea species isolated 
from diseased strawberries has been reported by 
Marumo et al. (1982). Their strain gave an ABA 
production of 140 Ixg ml-1 of culture media after 
cultivation of 7 days on PDA plates in the dark. For 
comparison, we measured the ABA production of 
our strain in similar conditions, on PDA plates, and 
found it to be of much lesser magnitude (5.3 ng 
ml-l) .  

The content of ABA in willow (S. virninalis L.) 
have been previously measured by Alvim et al. 
(1976, 1978). In their study, the ABA contents var- 
ied between 10 and 450 ng g-1 fresh wt tissue, the 
content of ABA in the leaves being of the magnitude 
50 ng g -  1 in August. These values are as well within 
the same range as the results in the present study 
for the leaves that did not bear visible signs of in- 
fection (Fig. 3). The ABA content of infected leaves 
were, however, somewhat higher than the previ- 
ously reported amounts. The increase in the ABA 
content of the infected leaves, as compared to non- 
infected leaves, varied in quantity with the willow 
clone studied. In S. dasyclados P6011, the increase 
was 7.5-fold, whereas in S. myrsinofolia Salisb. 
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V78, the increase is less than threefold. The leaves 
were selected so that the differences cannot be at- 
tributed to senescence or dehydration, since the 
water content of the leaves of the different samples 
were similar. It could be argued then, that a corre- 
lation exists between infection by the ABA- 
producing fungus and the content of ABA in the 
leaves and, hence, that B. cinerea do affect the 
leaves of the host plant in a way that results in an 
increased level of ABA (Table 1, Fig. 3). Whether 
this increase is a result of fungal ABA production or 
a physical response of the leaves to stress induced 
by the fungus, or whether the infected leaves were 
damaged prior to the infection--and hence show an 
increased level of ABA---cannot be concluded from 
the data in Table 1 and Fig. 3. The cell number in 
the cultivation media of the yeast A. pullulans at the 
termination of growth could help in answering these 
questions. The ABA concentration in the growth 
medium of B. cinerea was less than the IAA con- 
centration in the A. pullulans medium (Table 2), so 
if the arguments used above to estimate the signif- 
icance of fungal IAA production when considering 
the physiology of the leaves is applied to the pro- 
duction of ABA by B. cinerea, then it would seem 
that this contribution, too, is negligent. 

Botrytis cinerea was present only on the infected 
leaves of the clones S. myrsinifolia Salisb. clone 
V78, and S. dasyclados clone P6011. These two 
clones, as opposed to the S. viminalis clone S-HK- 
81-2X whose leaves did not contain B. cinerea, 
showed symptoms of senescense. ABA, when ex- 
ternally applied, causes the stomata of leaves to 

close within minutes of application (Mittelhauser 
and Van Stevenick 1969). In plants in which the 
stomata are closed for relatively lengthy periods or 
in which the degree of daily opening is curtailed, 
senescence occurs at a more rapid rate than in 
plants where the stomata are open for lengthier pe- 
riods (Kuraishi and Ishikawa 1977, Thimann and 
Salter 1979a,b, Park and Thimann 1990). The pre- 
cise way in which ABA is involved in this system 
has, however, not been considered. It would be 
tempting to state that the production of ABA by B. 
cinerea does, in combination with other factors, ac- 
count for the occurrence of senescence in the leaves 
of the clones infected with this mold. The estimated 
amount of fungal-derived ABA externally applied to 
the leaves does not, however, support this argu- 
ment. The results suggest rather, that B. cinerea 
affects the leaves in a way that enhances the ABA 
production of the leaves as a normal response to 
physiological stress and that results, eventually, in 
senescence. 

Plant Hormone Production in Interactions 
Between Microbes 

Besides the effect of fungal IAA and ABA on the 
host plant--and the effect, if any, of this production 
on the IAA producing organism itself the effect of 
the hormonal production on other strains inhabiting 
the same leaf surface has to be taken into account. 
Inhibitory effect of IAA when applied to the growth 
medium has been reported with at least Cylindro- 
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carpon destructans (Kriesel 1987). IAA has, how- 
ever, also been reported as having a stimulatory 
effect on the germination and growth of certain 
fungi (Michniewicz and Rozej 1984, Stopinska and 
Michniewicz 1988). ABA has been reported to de- 
press the germination of B. cinerea (Blakeman 
1975). A stimulatory effect of ABA on the germina- 
tion of the following species has been reported: B. 
cinerea Pers and Gloeosporium album Osterw. 
(Borecka and Pieniazek 1968), Cylindrocarpon de- 
structans (Zins. Scholt.) (Michniewicz et al. 1986), 
Fusarum culmorum (W.G.Sm.) Sacc. (Michniewicz 
et al. 1987), and Ceratocystis fimbriata Ell. et 
Halst. (Stopinska and Michniewicz 1988). These ef- 
fects on the germination and growth of microbes are 
usually concentration-dependent. A stimulatory or 
inhibitory effect is usually present in a narrow con- 
centration interval. The production of ABA and 
IAA by fungi or bacteria colonizing the leaf could 
thus have a selective effect on the microbial popu- 
lation. 
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