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Effects of cytokinins on fungus development and host
response in powdery mildew of barley
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Epidermal tissues partially dissected from coleoptiles of barley (Hordeum vulgare L.) were inoculated
with Erysiphe graminis (DC) Merat f. sp, hordei Em. Marchal to test the effects of cytokinins on fungus
development and the hypersensitive reaction (HR). Kinetin at 1O-5to 10-4 M applied 16 h after
inoculation accelerated HR in an incompatible host-parasite combination and doubled the
number of ceUs that died at each infection site, suggesting that kinetin had increased the spread of
killing factors beyond the cells that contained primary haustoria. With a compatible host-parasite
combination, kinetin applied at 16 h after inoculation decreased initiation of hyphae at 10-5 to
10-4 M and decreased hypha! growth at 10-6 to 10- 4 M. Kinetin applied at inoculation slowed
haustorium development, interfered with haustorium differentiation and decreased the number
of secondary haustoria formed by hyphal colonies. The central bodies of haustoria were enlarged
and spherical, indicating that kinetin had interfered with the normal elongation processes of the
bodies. Zeatin had no effects on either fungus development or HR. Kinetin inhibited appressorium
formation apart from the host on ni trocellulose membranes, suggesting that the inhibitory effects of
kinetin on fungus development were direct rather than through the host.

INTRODUCTION

Kinetin has been reported to influence resistance in plant disease in diverse ways. On
the one hand, kinetin has seemed to reduce resistance by inhibiting the hypersensitive
reaction (HR) in diseased plants [1.8,24,26] and in tissue cultures [14,19]. On the other
hand, kinetin has made tissues resistant to powdery mildew [5,6,9], although HR was
not shown to be involved. In tissue cultures, the concentration of kinetin or the ratio of
kinetin to auxin can influence the development ofpathogens aside from effects on HR
[11,23].

To help clarify how exogenously applied cytokinins and other growth substances
might affect expression ofHR, we have surveyed how several growth substances affect
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HR induced by Erysiphe graminis f. sp. hordei in barley coleoptile epidermal tissue. A
microculture mounting system was used in which fungus development, as well as HR,
could be seen clearly in living specimens with light microscopy and in which HR con
ditioned by the Mla gene was expressed by the death of infected host cells 18-36 h after
inoculation [2]. Results for cytokinins are presented here.

MATERIALS AND METHODS

Hostandparasite
Experiments were carried out with epidermal tissues partially dissected from coleoptiles
of barley (Hordeum vulgare L.), prepared and mounted with a microculture mounting
system as described by Bushnell etal. [4]. Each mount had an experimental area 1·6 mm
in diameter which delimited the inoculated tissue of the mount. The underside of this
tissue was held in contact with incubation medium, 0·01 M Ca (N03h,or experimental
solutions as indicated.

Coleoptiles were obtained from two nearly isogenic barley lines, Algerian/4* (FI4)
Man. Rand Algerian/4* (F14) Man. S, termed Alg Rand Aig S respectively. Alg R
contained the Mla gene for resistance and Alg S contained the mla gene for susceptibility
to the parasite used--culture CR3 of race 3 of Erysiphe graminis (DC) Merat f sp. hordej
Em. Marchal.

Plants and inoculum were produced on Alg S plants grown and inoculated as
described byJohnson etal, [20]. Seven days after planting, apical segments ofcoleoptiles
were harvested for use.

Experiments were done in setsof20-24 mounts. One or two sets were used each week.
Each set was subdivided into three to five treatments (of two to four mounts each). Each
treatment was included in two to four different sets as necessary to obtain a total of eight
to 10 mounts per treatment.

Each set of 20-24 mounts took 2-3 h to prepare. The prepared mounts were inocu
lated with 40-80 spores/mount in a settling tower. The mounts were then incubated in a
dark incubator at 17·5 ± 1 °C and 95% relative humidity.

All solutions were made with glass-distilled water. Kinetin (6-furfurylaminopurine)
(Nutritional Biochemicals), zeatin [6-(4-hydroxy-3-methylbut-2-enylamino)purine]
(Sigma Chemical Company, St Louis) and adenine (Nutritional Biochemicals) were
dissolved in a small amount of dimethyl sulphoxide (DMSO) (Matheson, Coleman and
Bell) and diluted with water to 1 X 10-4 M and then diluted serially to lower concen
trations as required. Additional DMSO was added to all solutions as necessary to obtain
0·5%. Higher DMSO concentrations 1·0-1·5%, partially inhibited fungus development
in preliminary trials. To treat the epidermal tissues, the calcium nitrate incubation
medium was removed from the chamber and replaced with the experimental solution
either at the time of inoculation or 16 h after inoculation as indicated for individual
experiments.

Lightmicroscope ohservations
For HR experiments, observations were made at 12-13, 15-16, 19-20,23-24,29-30,
39-40 and 44-48 hours after inoculation. During these observation periods, mounts were
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kept in a chamber on a laboratory bench at 20± 1°C. During the remaining time, the
mounts were kept in an incubator as described earlier. Data were recorded on number of
spores, and whether each spore had produced one or more germ tubes, an appressorium,
a primary haustorium, or one or more hyphae. Also recorded were the number of
haustoria in living host cells, the number in dead host cells,living and dead host cellswith
haustoria, and the total number ofhost cells in the experimental area.

HR was expressed in two ways.

( I) Killing efficiency ofhaustoria-the number ofdead host cells with primary haustoria
over the total number of host cellswith primary haustoria [this is the same as the index
for hypersensitive reaction (HRI) used by Hazen & Bushnell [16]] (the term "Killing
efficiency" is not meant to imply that haustoria have a larger role than the host in events
leading to HR).

(2) Spreading index-the number ofdead host cells in the mount over the number of
dead host cellswith one or more primary haustoria.

The effects of growth substances on fungus development were evaluated with the
compatible Alg S-CR3 host-parasite combination. Observations were made 44-48 h
after inoculation. Data were recorded on fungal structures formed asin HR experiments,
In addition, development of primary haustoria was evaluated using the six categories
described by Hazen & Bushnell [16].

Total length of hyphae from a single colony was measured from living mounts
51-54 h after inoculation by using a drawing tube (Zeiss) together with a digitizer pad
(Houston Instruments, Hipad) and a computer (Apple II-e). The image of the hyphae
within each colony was traced on the digitizer pad surface with a cursor. The equip
ment was programmed to give the total hyphallength per colony. The program used,
"Digitizing", was developed by D. Preuss of the College of Biological Sciences,
University of Minnesota, and modified by S.Johnson.

To test the effects of the experimental solutions on formation ofsecondary haustoria,
the tissues were incubated until 96 h after inoculation when the numbers of secondary
haustoria per mount and per colony were recorded.

To determine the effects of kinetin and zeatin on senescence of mounted tissues,
non-infected tissueswere incubated as usual and examined daily to count the number of
dead cells in each mount. Results were expressed as the percentage of all cells in the
mount.

To test the effects of kinetin on germination and appressorium formation apart from
plant tissues, kinetin was dissolved with DMSO and diluted to 10- 4 M with 1% water
agar at about 60°C, with a final DMSO concentration of 0·5%. Water agar, with a
DMSO concentration of0,5%, was used as control. The medium was then poured into
Petri dishes. Nitrocellulose membranes (dialysis tubing, Daigger Scientific) were cut into
1in squares, washed twice with distilled water, soaked overnight and then placed onto
the plates containing the medium. Spores were seeded on the membranes at a density of
16-32 spores mm - 2 with the settling tower. Forty-eight hours later, the numbers of
spores, germ tubes, short germ tubes (shorter than the width of the spore), long germ
tubes (longer than the width of the spore) and appressoria were recorded.

Observations were made with an American Optical Microstar microscope or a
Reichert Zetopan microscope with bright field microscopy mostly at magnifications of
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TABLE I

Thetffictsqfkinetin appliedat16hqfterinoculation on the",persmsitivity conditioned bythe Mlagme inAlg
R barl~ coleoptile epidmTUll tissues irifecled withErysiphe graminisj. sp. hordei

Hypersensitive reaction"
Kinetin

concentratlon''"
(loll

o
I X 10- 6

I X 10- 5

I X 10-4

Killing efficiency
of'hausroria''

O'Sla
O·60a
O''!9a
O'Sla

Spreading index'

1·96a
2·20a
2·69a
'!·13b

aAll kinetin solutions and the control contained O'S% DMSO.
bThe treatments were applied at 16 h after inoculation, replacing the standard O'OIM cal

cium nitrate solution on which the tissues were initially incubated. The average number of
primary haustoria per mount for each trea tment was 16·1-19·0.

"Values followed by the same letter were not significantly different asdetermined by Tukey's
method of multiple comparison (HSD) at a = O·OSlevel.

dKiIling efficiency of haustoria was the number of dead host cells with primary haustoria
over total number of host cells with primary haustoria.

'Spreading index was the number of dead host cells in the mount over the number of dead
host cells with one or more primary haustoria.

x 200-300. Photographs were taken with the Reichert microscope using differential
interference contrast at a magnification of x 1000.

Statistical ana?Jsis
Statistical significance of'differences among the treatments were determined by analysis
ofvariance (ANOVA) and Tukey's method of multiple comparison (HSD) except that
the data for the effects of kinetin on fungus development on nitrocellulose membranes
were analysed by Student's r-test.

RESULTS

Hypersensitive reaction
To study the effects of cytokinins on the HR, kinetin and zeatin at 10-4 , 10- 5 and
10- 6 M were applied to tissues 16 h after inoculation when most primary haustoria had
formed, but about 2 h before the first HR normally occurred. The cytokinin treatments
were left in place until the experiments were completed (48 h after inoculation). ,.

The hypersensitive reaction was significantly enhanced by kinetin at 10-4
M. The

spreading index was doubled (Table 1), increasing the amount of dead cells per mount
from 15% in the control to 30% with kinetin. In addition, kinetin at 10-4 and 10- 5 M

accelerated the timing of HR, as 70-83% of HR occurred by 24 h compared to only
37-42% in the controls (Fig. l).

Zeatin showed no effects on HR, either in amount (Table 2) or timing (data not
presented).

Fungus development
A compatible host-parasite combination (Alg S barley-race eR3) was used to study the
effects ofcytokinins on fungus development. Kinetin and zeatin solutions were applied to
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FIG. I. The effect of kinetin on the rate of hypersensitive cell death with incompatibility con
ditioned by the Mia gene in epidermal tissuesin barley coleoptiles infected by Erysiphegramillis r. sp.
hordn. The hypersensitive reaction (HR) is expressed as the percentage of cells that were dead at
48 h.afterinoculatian. The number ofdead cellspermountat48 h was 14 for control, 18for 10-6 M

kinetin, 22 for lO-s M kinetin and 27 for 10-4 M kinetin. The coleoptile tissueswere continuously
exposed to test solutions from 16-48 h after inoculation. All test solutions contained 0·5% DMSO.
• -.DMSO, 0·50%; .---., kinetin, 10-6 Mj 0--0 kinetin, 10- 5 M; 0---0 kinetin,
10-4 M.

TABLE 2
Thedfects ifzeatill appliedat16h r.ifter inoculation 011the hypersensitivi~ conditioned hy1M Miagen,in Alg

R harley coieoptile epz'dmnal tissues inject,d wilh Erysiphe graminisj sp. hordei,

Hypersensitive reaction"
Zeatin

concentration"
(M)

Killing efficiency
of haustoria Spreading index

o
I X 10-6

I x 10- 5

I X 10-4

0'25a
0·35a
0'47a
0'42a

2-62a
H2a
2·79a
3·06a

•All procedures and conventions as indicated in Table I.

tissuesat the time ofinoculation and left in place until 96 h after inoculation for kinetin
and 48 h for zeatin.

Kinetin did not affect conidiospore germination, appressorium formation from
germinated spores, or haustorium initiation from appressoria (Table 3), but, at high
concentrations (lO-~ and 1O-4 M) , partially inhibited the development of primary
haustoria, hyphae, and secondary haustoria (Table 3). The inhibition of growth of
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TABLE 3

The ifftetsqfkinetin solutions applied at thetimeofinoculation onthedevelopment qfErysiphe graminis.f.
sp. hordei onAlgS (compatible) barley coleoptile epidermal tissues

Fungus development"

Kinetin Primary haustoria Secondary
concentration" Germination Appressorium haustoria

(M) rate" Iormation'' Percentage" Growth index" Hyphae' per colony

0 6S·Sa 67·la 45·Sa 5·54a 70·3a 3·6Sab
I x 10- 6 69·2a 66·6a 45·6a 5·47ab SI·5a 4·69a
I X lO-s 68-7a 63·Sa 42·Sa 5·34b 76·Sa 2·84b
I x 1O-~ 66·la 56-Sa 40·0a 4·30c 52·9b O·70c

"All kinetin solutions and the control contained 0'5% DMSO. Treatments were applied at
inoculation, replacing the standard 0·01 M calcium nitrate on which the tissueswere incubated.
Data were recorded at 4S h after inoculation except the column ofthe secondary haustorium per
colony in which data were recorded at 96 h after inoculation.

bValues followed by the same letter were not significandy different at a = 0·05 level using
the Tukey method ofmultiple comparison (HSD) for all the columns.

"Percenrage ofspores that germinated.
dperccntage of germ tubes that formed appressoria.
"Percentage ofappressoria that formed haustoria.
fHaustoria were evaluated into 6 (1-6) developmental categories according to Hazen &

Bushnell [16].
'Percentage ofhaustoria that formed one or more hyphae.

hyphae and secondary haustoria may have resulted in part from inhibition ofprimary
haustoria, for not only was primary haustorium development reduced (Table 3), but
also the haustoria were usually malformed. In tissues without kinetin, on either 0·5%
DMSO as in the present experiments, or on 0·01 M calcium nitrate as in other
experiments, the haustorial central body typically first elongated and a finger bud
developed from it at one or both poles at about 24 h after inoculation. An indentation
then appeared between the central body and base ofthe finger bud and, finally, multiple
fingers were differentiated from the elongating finger bud at about 30 h after inoculation
[Fig. 2(a)]. In tissues treated with kinetin at 10-4 M the central body did not elongate.
Instead, it remained spherical and enlarged. Multiple fingers of the haustoria formed at
about 40 h after inoculation directly from the central body [Fig. 2(b)-(d)]. In the
control, several vacuoles were observed in a single haustorium [Fig. 2(a)], while only one
vacuole was seen in each malformed haustorium. In addition, fewer small vesicles were
seen in kinetin-treated than in control haustoria. The inhibition ofsecondary haustoria
was probably a consequence ofinhibition of hyphaI growth.

In contrast to kinetin, zeatin at 10-6 , 10- 5 or 10- 4 M had no effect on the initiation,
development, or differentiation of haustoria, nor did it affect formation of hyphae or
secondary haustoria (data not presented). Adenine at 10- 4

M likewise had no effect on
fungus development.

To test further for possible effects of kinetin on formation and growth of hyphae,
treatments were applied to compatible Alg S tissue at 16 h after inoculation, after
appressoria and primary haustoria had been produced. Hyphae were counted at 48 h
after inoculation and hyphallengths were measured 51-54 h after inoculation. Kinetin
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FIG 2. Effects of kinetin (10- 4 M ) on haustori urn development by Erysiphe graminis f. sp. horde; in
epidermal cells of Alg S (compatible) barley coleoptiles. Tissues were treated with test solutions
from the time of inoculation until photographed. All the test solutions contained 0·5% DMSO.
Magnification, x 690. (a) Maturing normal haustorium at 44 h after inoculation on control solu
tion (0,5% DMSO): the central body (CB) was elongated and vacuolated (V); fingers (F) were
differentiated from the ends of the elongated central body. Differential interference contrast. (b)
Abnormal haustorium at 44 h after inoculation with 10- 4 M kinetin: the central body did not
elongate; instead, it became spherical and fingers were differentiated from the spherical body;
vacuolation was not obvious; differential interference contrast. (c) Abnormal haustorium at 96 h
after inoculation with 10- 4

M kinetin: the central body remained spherical and fingers were differ
entiated directly from one side of the central body; bright field microscopy. (d) Same as (c) except
that fingers were differentiated directly from both sides of a spherical central body; bright field
microscopy.

at 10- 5 and 10-4 M inhibited hypha formation (Table 4). At 10-4 M only about half
as many colonies formed as compared to the control (Table 4). Kinetin at all
concentrations inhibited hyphal elongation (Table 4).

To learn whether kinetin can affect fungus development in the absence ofthe host, we
tested the effects ofkinetin at 10-4 M on development of spores placed on nitrocellulose
membranes on agar in Petri dishes. As De Waard [7] had reported, the conidia
germinated and 25% of spores with long germ tubes produced appressoria on the nitro
cellulose membranes in the absence ofkinetin (Table 5). Kinetin did not affect germin
ation and elongation of the germ tubes, but strongly inhibited appressorium formation
(Table 5).
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TAllLE4

TJu 41ftcts oj kinetin solutions applied at 16h afterinoculation onhypha formation andhypha growth by
Erysiphe graminisf. sp. hordei onAlgS (compatible) barley coleoptl'leepidermal tissues

Hyphal growth'
Kinetin

concentration"
(M)

o
1 X 10- 6

1 X /0-5

1 X 10- 4

Hyphal
formadon"

90·4a
91·9a
64·2b
47·5c

No ofcolonies
measured

58
55
32
38

Mean
length (11m)

342·7a
279·2b
238·1b
131·7c

"All kinetin solutions and the control contained 0·5% DMSO. Treatments were applied at
16h after inoculation, replacing the standard 0·01 M calcium nitrate solution on which the
tissues were initially incubated. Values followed by the same letter were not significantly differ
ent as determined by Tukey's method ofmultiple comparison (HSD) at a = 0·05 level.

bpercentage ofprimary haustoria with hyphae.
"Measurements ofhyphallength were taken at 51-54 h after inoculation.

TABLE 5
The41ftcts ojkinetin atJ x 10-4M on germination andappressoriumformation byErysiphe graminisf. sp.

hordei on nitrocellulose membranes

Kinetin
concentration" Germination Formation oflong Appressorium

(M) rate" germ tubes" formation"

0 77·2a 65·4a 24·9a
x 10-4- 84·3a 55·0a Hb

"Membranes were placed on I% agar containing 0·5% DMSO and kinetin as indicated.
Values followed by the same letter were not significantly different as determined by Tukey's
method ofmultiple comparison (HSD) at a = 0·05 level.

bSpores that produced one or more germ tubes regardless of their length expressed as
percentage oftota! number ofspores.

·Percentage ofgerminated spores that formed germ tubes longer than spore width.
dPercentage oflong germ tubes that formed appressoria.

Senescence
As noted earlier and in contrast to our results here, HR has been inhibited by
exogenously supplied cytokinins in several disease systems. This inhibition of HR by
cytokinin has been postulated to relate to the well-known ability ofsome cytokinins to
delay senscence of plant tissues [14,18]. To learn if the enhancement ofHR by kinetin in
our system might relate to senescence phenomena, we tested whether cytokinins
influence the rate ofsenescence of the epidermal tissuesused in our experiments. Kinetin
and zeatin at 10-4, 10- 8, and 10- 6 M were applied immediately after mounts were
prepared, replacing the standard 0·01 M calcium nitrate incubation medium. All test
solutions contained 0·5% DMSO as usual. The tissues were incubated in the dark at
18 DC for 10-12 days to learn how long tissues remained alive. Dead cells, as judged by
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TABLE 6

Theeffects of 0·5% DMSO on hypersensitive reaction, infection ofgrowth ofErisiphe graminis j. sp.
hordei on barley coleoptile epidermal tissues

DMSO,0'5%
DMSO as percentage

Experiment" Water (0,5%) ofwater''

HR(Table I)
Killing efficiency of haustoria 0·88 0·51 58·0*
Spreading index 1·74 1·96 112·6

Fungus development (Table 3)
Primary haustorium (%) 68·6 45·S 66·S*
Primary haustorium, growth index 5·95 5·54 93·1
Hyphae 96·2 70·3 73,1*
Secondary haustoria per colony 5·0S 3·68 72-4·

Fungus development (Table 4)
Hyphal formation S9·5 90·4 1010l
Hyphal growth, mean length (pm) 425·9 342·7 80'5·

aData were from experiments as indicated in the table.
bAn asterisk indicates that a significant difference existed between water and 0'5% DMSO

as determined by Tukey's method of multiple comparison.

the flattened appearance of the cell and the presence of a degenerate protoplast, were
counted every day until all cells had died.

About 50% of cells died within 6-7 days of tissues being prepared: 80% or more
within 8-10 days. Neither kinetin nor zeatin delayed senescence in this test but, instead,
both accelerated senescence by about 1 day at 6-8 days after tissue preparation,
especially at 10-4 M. As tissues senesced and cells died, some protozoa were observed
swimming beneath tissues and some bacteria were visible, although not abundant. In a
similar test for effects of infection on rate of senescence, tissues with an average of 24
haustoria per mount incubated on 0·01 M Ca(N03h were delayed in senescence by
1-2 days within 6-8 days of tissues being prepared and inoculated. The tips of some
haustorial fingers were enlarged, much as had occurred with younger haustoria treated
with indole acetic acid [21].

Effects qfO-5% DMSO
Initially the choice ofDMSO as a solvent for cytokinins in these experiments was made
because it had had no obvious effects on HR or fungus development in preliminary trials
at the concentration used (0-5%). However, in most experiments, a water treatment was
included in addition to the 0-5% DMSO control treatment shown, In three categories of
fungus development and in "killing efficiency" of haustoria in HR, 0-5% DMSO was
somewhat inhibitory compared to the water treatment (Table 6) _The three categories in
which 0-5% DMSO was inhibitory to fungus development were categories in which
kinetin-Q-5% DMSO was inhibitory compared to 0-5% DMSO alone. Thus, both
tended to act in the same direction and they may also have acted synergistically in some
cases, On the other hand, the inhibition by DMSO ofkilling efficiency was counter to the
effect of kinetin and could have masked a small promoting effect ofkinetin.
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DISCUSSION

Hypersensitive reaction
Kinetin at high concentration significantly enhanced HR in the present study as the
proportion of dead cells in inoculated tissues was increased from 15% in the control to
30% with kinetin at 10-4 M. This increase was attributed to the increased spreading of
HR beyond the dead cells containing haustoria (indicated by the spreading index in
Table 1). The percentage ofcells containing haustoria that died, however, remained the
same (indicated by the killing efficiency of haustoria in Table 1).

The enhancement of HR by kinetin may have been partly counteracted by an
inhibitory effect of kinetin on fungus growth. Hyphallength was partially inhibited in
experiments with compatible Alg S (Table 4). Hyphallength was not measured using
the incompatible host Aig R where HR greatly reduced hyphal development. However,
we observed that kinetin reduced the number and length of hyphae on Alg R much as it
did on compatible Alg S (as in Tables 3 and 4). A partial inhibition offungus develop
ment by kinetin could have reduced the increase in HR caused by kinetin. Furthermore,
the 0·5% DMSO used in all experiments to dissolve cytokinins reduced HR, as expressed
by killing efficiency, by about one-third (Table 6) and may also have masked some
promotion of HR by kinetin. Enhancement of HR by kinetin was not caused by its
phytotoxicity. Kinetin treated tissues (without infection) remained alive for many days
and without signs ofphytotoxicity.

The enhancement ofHR by kinetin here has no direct parallel in powdery mildew or
other diseases. Hosts nominally susceptible to powdery mildew have been made resistant
by treatment with cytokinin, but the reasons for the increased resistance are unknown.
Thus Cole et al. [5] reported that kinetin made tobacco leaf discs very resistant to
powdery mildew caused by Erysiphe cichoracearum; fungal appressoria were swollen and
deeply stained by fuchsin on the kinetin-treated discs. Dekker [6] also reported an
increase in resistance of leaf discs of several hosts to their powdery mildew fungi.
Recently, Edwards [9] also showed that resistance ofdetached barley leaves to powdery
mildew was increased by kinetin treatment. In these cases, kinetin may have directly
inhibited fungus development instead ofenhancing host resistance, especially in view of
the inhibitory effects of kinetin on development of the barley powdery mildew fungus in
our study, and in Edwards' study as well [9].

In contrast to the present finding, Dropkin etal. [8] noted that resistant tomato roots
supplied with exogenous cytokinins no longer underwent HR in response to the root
nematode Meioidogyne incognita. Similarly, Novacky [24] reported that HR of tobacco
leaves to incompatible bacteria could be eliminated by addition of kinetin. Working
with callus tissues, Helgeson et al. [19] and Haberlach et al. [14] reported that kinetin
eliminated HR of resistant cultivars to zoospores of Phytophora parasuica var. nicotianae.
The root-nematode, leaf-bacterial and callus-fungal systems are no doubt different
physiologically from coleoptile-fungal systems used here.

Helgeson [17] summarized the effects of cytokinins on plant tissues as inducing,
promoting or regulating the production of nucleic acids, proteins and thiamine. Kinetin
also delays senescence and loss of chlorophyll in detached tissues and can promote cell
expansion and mobilization ofcell metabolites. We do not know which of such factors are
involved in the acceleration ofHR and the increased spreading ofHR to nearby host
cells. The spreading effect suggests the action of small molecules, which could be toxins,
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favouring the idea that the interaction between living host and parasite somehow
generates toxic substances which can disrupt host cells at a distance ofseveral cells away
from those containing haustoria [3]. However, the spreading factor could also be
mechanical or enzymatic. Results ofGoodman et al. [13] indicate that loss of compart
mentation leads to HR in plant cells. If so, faster loss of compartmentation may be
induced by kinetin.

According to Helgeson [18], effects of cytokinins on preventing senescence and on
eliminating HR may be related. Kinetin was reported to be effective in either case, while
zeatin was not. Furthermore, he postulated that HR was an accelerated senescence
under severe disease stress. In this view, treatments that accelerate senescence might be
expected to enhance HR. In line with Helgeson's suggestion, kinetin slightly accelerated
senescence of untreated epidermal tissues (instead ofdelaying senescence as expected)
and enhanced HR of infected tissues. However, zeatin, which also slightly accelerated
senescence, had no effect on HR. Furthermore, ethylene, which generally promotes
senescence in higher plants, did not increase HR [21]. It is doubtful that HR and
senescence are closely related in barley coleoptile tissues. Senescence of coleoptile
epidermal tissues was delayed 1-2 days by powdery mildew infection in a compatible
host-parasite combination in our experiments, in line with the green island-inducing
effect of powdery mildew colonies on compatible green leaves [3, 4J. However, the
senescencedelay induced in coleoptile tissueby powdery mildew here was much less than
that induced in coleoptile tissue by rust infection [22]. Unlike leaves in which green
islands are readily induced by cytokinins [4], coleoptile tissuesdid not respond to kinetin
with senescence delay.

Fungus development
Kinetin, applied at 16 h after inoculation, inhibited hypha formation and hyphal growth
(Table 4), in accordance with the findings ofDekker [6],Edwards [9] and Cole etal. [.5]
with detached leaves of barley, wheat and tobacco. The effect was specific for kinetin in
that neither zeatin nor adenine inhibited fungus development. Applied at inoculation,
kinetin delayed the development ofhaustoria and caused the central bodies ofhaustoria
to remain spherical instead of elongating. The central body did not elongate to form
finger buds: instead, the haustorial fingers were differentiated directly from the spherical
central body. Hazen [15, 16] reported long, undifferentiated finger bud formation
induced by cytochalasin B and by ethanol. This is the opposite effect of kinetin. Further
study ofsuch responses may help elucidate mechanisms ofhaustorial differentiation.

In experiments apart from the host tissues on nitrocellulose membranes, kinetin
inhibited appressorium formation (Table 5) in contrast to a lack of effect on appressoria
on host tissue. Cole et at. [5] reported that swollen appressoria were formed when
detached leaves were treated with kinetin. The direct effect of kinetin on appressorium
formation in the absence of the host suggests that exogenously applied kinetin affects
fungus development on host tissues directly rather than indirectly through changes in
host cells.

Kinetin-induced malformation of haustoria has not been reported elsewhere. The
nature of this inhibition of growth and malformation of haustoria is unknown. The
inhibition of apical elongation of the haustorial central body and fingers was associated
with reduction in number ofvacuoles and in number ofunidentified vesicles,leaving one
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large central vacuole. Presumably the normal processes of apical cell wall growth [10, 12,
25] are interfered with by high concentrations of kinetin.

We thank Colleen Curran for her excellent assistance.
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