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The antifungal effects of tridemorph and its formulated product Calixin were compared itr r’itrrj 
on Usrilago muydis. Saccharomyces cerevisiar. Torulop,sis candidn. Botrytis a//ii. and Clado- 

sporium cucumerinum. MIC values for both products were about the same. In liquid media the 
products were somewhat more effective than on solid media. T. cattdida proved sensitive only at 
pH 5. but the other organisms were as sensitive at pH 7 as at pH 5. Whereas tridemorph even at high 
concentrations did not affect oxygen consumption of these organisms, Calixin at concentrations 
slightly above the MIC values appeared to inhibit respiration. This effect of Calixin could be 
explained by the presence of Nekanil LN in the formulation. This compound inhibited both growth 
and respiration of the organisms at high concentrations: however, in the simultaneous presence of 
tridemorph a synergistic effect on oxygen consumption was observed. 

INTRODUCTION 

The fungicide tridemorph (2,6-di- 
methyl-N-tridecylmorpholine) is effective 
against powdery mildews (1) and other 
fungi; it has both systemic and eradicant 
properties (2). Different modes of action 
have been proposed for this compound. 
Bergmann et al. (3, 4), Muller and Schewe 
(5, 6), and Rapoport (7) argued that the pri- 
mary effect of tridemorph on Torulopsis 
candida should be in the respiratory chain. 
In contrast, Garg and Mehrotra (8) reported 
that Calixin inhibited growth of Fusurium 
solani f.sp. pisi without significant inhib- 
itory effect on the rate of respiration. Fisher 
(9) reported inhibition of protein synthesis 
in protoplasts of Neurosporcr crusso and 
Botrytis fobue, and Polter and Casparson 
(11) interference with lipid biosynthesis in 
Botrytis cinerea. On the other hand Kaars 
Sijpesteijn (10) had made the suggestion 
that tridemorph might well interfere with 
the cell membrane function. 

The various authors used different or- 
ganisms and, moreover, in certain instances 
it is not clear whether they used tridemorph 
or the formulated product Calixin. To ob- 
tain more clarity we compared for various 
yeasts and filamentous fungi the effect of 

tridemorph and Calixin on growth and res- 
piration. In adddition, several experiments 
were carried out with Nekanil LN, a prod- 
uct used to formulate tridemorph. 

MATERIAL AND METHODS 

Organisms. Ustilago maydis (DC) Corda 
ATCC 14862, Saccharomyces cercvisiar 
(own isolate), Torulopsis cundida (Saito) 
Lodder CBS 940, Botrytis ulfii Munn CBS 
103.23, and Cladosporium cucumerinum 
(obtained from Dr. M. H. van Raalte, 
Wageningen, The Netherlands) were used 
throughout this study. Stock cultures were 
maintained on malt extract (Oxoid 30 g/liter) 
agar slants at 4°C. 

Chemicals. Pure tridemorph (2,6- 
dimethyl - N - tridecylmorpholine. double 
distilled), Calixin (a 75% tridemorph for- 
mulation), and Nekanil LN (condensation 
product of octylphenol with 5 to 6 mol 
ethyleneoxide, which is used to formulate 
Calixin) were generously supplied by BASF 
Aktiengesellschaft (Ludwigshafen, BRD). 

The purity of pure tridemorph was above 
99.9% and of tridemorph in Calixin about 
98%. Besides Nekanil LN no other inert in- 
gredients were present in the Calixin for- 
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mulation. The Calixin formulation had not 
been changed during the period of 1974- 
1977. (According to information kindly 
obtained from BASF Aktiengesellschaft). 

Antifkngul activity of compounds. An- 
tifungal activity was determined in growth 
tests on solid media or in nutrient solutions. 
Toxicants were added from concentrated 
graded solutions in acetone. The final 
acetone concentration did not exceed 0.6%. 
The concentration range of each toxicant 
was 0, 1, 3, 10, 30, 100, 300, and 1000 
pg/ml. Concentrations of Calixin were al- 
ways corrected for tridemorph content. 

The synthetic media used were: Coursen 
and Sisler agar (12) for CJ. maydis and T. 
candida, Wickerham, modified by Roman 
agar (13) for S. cerevisiae, and glucose min- 
eral salts agar (14) for B. allii and C. 
cuc~umerinum. As liquid media solutions of 
the same composition were used. Unless 
otherwise indicated the pH value was al- 
ways adjusted to about 7 after autoclaving. 
To obtain pH 5 the ratio between K,HPO, 
and KH,PO,* was changed. 

Cells of U. maydis, S. cerevisine, and T. 
cmndida were streaked onto the agar from a 
thin suspension in saline. B. allii and C. 
cucumerinum were added as conidia (2 x 

10” conidia/ml medium) to molten agar 
(50°C) before pouring the plates. Similar 
amounts were used to inoculate liquid 
media. 

Minimal inhibitory concentrations (MIC; 
no macroscopically visible growth) were 
determined after different incubation peri- 
ods. 

Antifungal effects of toxicants in shake 
cultures were determined by measuring the 
increase in optical density (OD; 535 nm) of 
U. maydis, S. cere\visiue, and T. candida or 
the increase in dry weight of B. allii and C. 
cucumerinum. 

Respirution measuremc~nts. The effect 
of the toxicants on oxygen consumption by 
24-hr-old mycelial pellets of B. allii and C’. 
cucumerinum or 16-hr-old cells of U. 
muydis, S. cere~~isiar, and T. candida was 
determined in 0.03 M phosphate buffer, pH 
7.0 (for T. cundida, pH 5), by conventional 
Warburg technique. Glucose and toxicant 
were tipped in from the side arms at zero 
time. 

RESULTS 

Gro,r?th Inhibition by Tridemorph and 
Calixin of U. maydis, S. cerevisiae, T. 
cundida, B. allii, and C. cwumerinum 
The growth inhibiting effect of 

tridemorph with regard to five organisms 
was quite similar to that of the formulated 
product Calixin (Table 1). A strong influ- 
ence of the pH value was only noticed in 
the case of T. candida. which was sensitive 
at pH 5, but not at pH 7. On malt agar re- 
sults for U. mcrqdis and S. cere\*isiue were 
the same as on the poorer agar medium of 
Coursen and Sisler. 

Nekanil LN, even at 1000 pg/ml, slightly 
retarded growth. Using mycelial disks in- 
stead of conidia as an inoculum slightly 
different values were obtained. 

As measured by OD after 24 hr the MIC 
values of tridemorph and Calixin for U. 
maydis and S. cererisiae (pH 7) and for T. 

Tridemorph 7 30 100 > 1000 IO 30 

5 100 IO0 100 30 100 

Calixin 7 30 30 2 IO00 IO 30 

5 30 100 IO0 30 100 

” Coursen and Sisler agar; 4 days: 30°C 

‘I Wickerham agar: 4 days; 30°C. 

’ Glucose agar: 7 days; 24°C. 
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candida (pH 5) were generally about three concentration: I/. maydis and S. cererisiae 
times lower in liquid medium than on agar 100 &ml, T. candida (pH 5) 1000 pg/ml, 
medium. Also B. allii and C. cucumerinum and B. allii and C. cucumerinum >lOOO 
were somewhat more sensitive in shake pg/ml. B. affii and C. cucumerinum were al- 
culture. In liquid medium Nekanil LN in- ready slightly inhibited at 300 and 100 
hibited growth completely at the following pg/ml, respectively. 
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Influence oj Tridrmorph, Culixin, and 
Nekanil LN on Respiration 
Tridemorph, even at 300 pglml, appeared 

unable to reduce the rate of glucose oxida- 
tion in U. maydis, S. cerrvisiar, T. can- 
dida, and C. cucumerinum (Fig. 1): in the 
case of B. ullii 100 pg/ml caused slight in- 
hibition. 

In contrast Calixin did inhibit glucose 
oxidation in these organisms (Fig. 1). This 
inhibition was, however, only observed at 
concentrations above the MIC values in 
liquid culture. 

In contrast at concentrations equal to the 
MIC values in liquid cultures Nekanil LN 
inhibited glucose oxidation more or less 
strongly depending on the organism used 
(Fig. 1). 

Sqnergistic Influence of Tridetnorph and 
Nekonil LN on Respiration of U. 
tnuydis, S. cerer!isine. and T. candida 
Since the observed inhibition of respira- 

tion by Calixin could not be understood 
from the mere presence of its component 
Nekanil LN, the influence on oxygen con- 
sumption of a 3:l mixture of tridemorph: 
Nekanil LN was studied and compared 
with the effect of these compounds sepa- 
rately (Fig. 2). This experiment revealed for 
all three organisms a very clear synergistic 
effect of tridemorph and Nekanil LN on 
respiration which largely explains the in- 
hibition of oxygen consumption by Calixin. 

DISCUSSION 

Results showed that tridemorph even at 
high concentrations (100, 300, or 1000 
pg/ml) did not inhibit respiration of U. 
mnydis, S. cerevisiue, T. candidu, B. allii, 
and C. cucutnerinum. Therefore, growth 
inhibition by tridemorph must be due to an- 
other mechanism. The report of Fisher (9) 
that tridemorph does not inhibit respiration 
in protoplasts of B. fkbue and N. crussu is 
in agreement with these observations. In 
contrast we found that the formulated 
product Calixin did inhibit respiration. 
Thus one may postulate that Bergmann et 
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Rapoport (7), who reported inhibition of 
respiration of T. candida by tridemorph, 
used Calixin instead of pure tridemorph. 

We also do not believe that inhibition of 
respiration can be the primary mode of ac- 
tion of Calixin because we found that 
growth inhibition of different organisms in 
liquid cultures already took place at con- 
centrations which did not yet affect respi- 
ration. This respiration inhibition by Calix- 

al. (3, 4). Miiller and Schewe (5, 6). and in cannot be due to the presence of 
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tridemorph. However, the formulated 
product also contains Nekanil LN, a 
nonionic surfactant. Nekanil LN proved 
indeed to inhibit growth of various or- 
ganisms, at least in liquid cultures, and in- 
hibited respiration at the same concentra- 
tion. Several other nonionic surfactants are 
also known to act on microorganisms 
(15-18). 

4. H. Bergmann, The action of tridemorph on I;)- 
rrrlopsis cunciidu. Symposium on Systemic 
Fungicides (Abstract). Reinhardsbrunn. May 
1977. 

5. W. Miiller und T. Schewe, Zur Wirkung von 
Tridemorph auf Elektronentransportpartikel 
aus Rinderherz-Mitochondrien, it1 “Systemfun- 
gizide” (H. Lyr und C. Polter. Eds.). p. 189, 
Akademie-Verlag. Berlin. 1975. 

6. W. Muller und T. Schewe. Das Systemfungizid 

Further experiments showed a synergis- 
tic activity of tridemorph and Nekanil LN 
on respiration. We assume that this effect 
explains the unexpected inhibition of respi- 
ration by relatively low concentrations of 
Calixin. 

Tridemorph als Hemmstoff der ktmungskette 
van Elektronentransportpartikeln aus Rin- 
derherzmitochondrien. Ac,tcr Bid. Med. Gcr. 

35, 693 (1976). 
7. s M. Rapoport, Zur Wirkung des Calixins auf 

Elektroentransportpartikel aus Rinderherz- 
Mitochondrien, Symposium on Systemic Fun- 
gicides (Abstract). Reinhardsbrunn, May 1974. 

The observation by Buchenauer (19) that 
Calixin far more than tridemorph caused an 
increase in conductivity in an experiment 
with leaf disks of bean plants points in the 
same direction. 

8. D. K. Garg and R. S. Mehrotra. Effect of some 
fungicides on growth. respiration and enzyme 
activity of Frr~sccrrirrm solu~fi ,j.sp.pisi. Z. Qlflt~- 

I-c~mc~lirlt, 10, 570 (1975). 

We have now excluded inhibition of res- 
piration as a possible mode of action of 
tridemorph. Further experiments, which 
will be the subject of a later publication, 
have revealed an interference of tridemorph 
with certain biosynthetic processes. 

9. D. J. Fisher. A note on the mode of action of the 
systemic fungicide tridemorph, Pcsric,. Sc,i. 5, 

219 (1974). 
IO. A. Kaars Sijpesteijn, irr “Systemic Fungicides” 

(R. W. Marsh, Ed.), 2nd ed.. p. 153, Longman. 
London. 1972. 

II. C. Potter and G. Casperson. The influence of 
tridemorph on the lipid composition and the ui- 
trastructure of Botrvtis cinrrra. Symposium 
on Systemic Fungicides (Abstract). Rein- 
hardsbrunn. May 1977. 
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