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INFORMATION

Anaerobic Seed Treatment to Control Loose Smut of Barley and Wheat

IvAN UJEVIC

The loose smuts of barley and wheat, caused by Ustila-
go nuda (Jens.) Rostr. and U. tritici (Pers.) Rostr., occur
throughout the world and are now controlled by treating
infected seeds with systemic fungicides, e.g., carboxin and
its derivatives. These chemicals are used in the production
of certified seed. However, several important pathogens,
including Ustilago spp., are now known to have produced
strains resistant to one or more systemic fungicides. Be-
sides, there is general public aversion to using chemicals
in plant protection. This has lead to rencwed interest and
research in non-chemical disease and pest control.

In this paper we inform about results of studies on anaer-
obic seed treatment to control the loose smuts of barley
and wheat which we carried out at the Research Institute
of Crop Production in Prague in the years 1955-1977.

The results of laboratory and field experiments allowed
to draw the following conclusions on the theory of the
control of these pathogens by physical seed disinfec-
tion:

A. In the control of loose smut under acrobic and anaer-
obic conditions, there is a correlation between the action
of different temperatures (both high and low), the dura-
tion of exposure to them, and the moisture contents of the
seed and of the mycelium of the fungi in the kernels of
barley and wheat (UJEVIC 1958, 1963a, b).

B. These factors exert a complex influence on the seed
of barley and wheat and on the fungi U. nuda and U.
tritici, which may have its specific effect under different
conditions (at high or low temperatures, in aerobic or
anaerobic conditions, at different seed moisture contents
etc.) on the physiological and biochemical processes in
the seed and in the parasite. The complex action of these
and other factors, their general inter-actions in the con-
trol of loose smut of barley and wheat, and the effect on
the seed of barley and wheat can be summed as follows:
I. The higher the temperature above the freezing point (or

the lower under the freezing point) and the longer the

exposure, the more detrimental is the influence of these
factors on both seed and loose smut if these have the
same moisture content. This applies to aerobic and anaer-
obic conditions.

2. The higher the temperature above the freezing point (or
the lower under the freezing point), the shorter is the

exposure needed at the same seed moisture content to

eliminate smut. Conversely, the lower the temperature

above the freezing point (or closer to the freezing point),
the longer is the required exposure at the same moisture
content to eliminate smut.

3. The higher the moisture content of the seed is, the
lower is its tolerance to high and low temperature and
the seed will survive shorter exposure to it, while the
lower the moisture content of the seed (and with it that
of the mycelium of loose smut), the better is its tolerance
to high and low temperaturcs and to longer time of
exposure to these temperatures under aerobic and an-
aerobic conditions.

4. The seeds of barley and wheat as well as the mycelium
of U. nuda and U. tritici are damaged to a greater degree
under anaerobic conditions than under aerobic condi-
tions, if kept at the same temperature, for the same length
of exposure and with the same initial moisture content
of the seed.

C. It can be concluded from the results that the seed of
barley and wheat and also the mycelium of U. nuda and
U. tritici differ in their physiological, biochemical and other
properties, and thus respond differently to the same con-
ditions. In all cases the parasite shows a greater sensitiv-
ity than seeds of the hosts, so that the physiological and
biochemical processes are more readily impaired in the
parasite than in the seeds. Therefore, under certain condi-
tions (at different temperature, moisture content etc.) the
control of loose smut may be successful without doing
any serious harm to the seed.

These theoretical conclusions may be of more general
importance in protection against other diseases. Further
efforts were then made to study in detail the principles of
the control of loose smut by means of physical, particu-
larly anaerobic, methods of seed disinfection, and to solve
some other problems.

It was revealed in vifro that U. nuda and U. tritici were
more sensitive under aerobic and anaerobic conditions to
higher and lower temperature than were seeds of barley
and wheat; this confirms the mentioned theory.

It was concluded from the results that races of loose
smut of barley (U. nuda) and loose smut of wheat (U. tri-
tici) may differ in their sensitivity to the physical meth-
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ods of seed disinfection, analogous to the existence of
barley and wheat varieties of different sensitivity to such
treatments; this conclusion is of theoretical as well as
practical importance. The wider the sensitivity of the seed
of a variety differs from that of the race of U. nuda and
U. tritici involved, the better will be the effect of the con-
trol of loose smut by a certain method of seed disinfec-
tion (UJEVIC, KOVACIKOVA 1964).

Different temperatures and different lengths of expo-
sure to them under anaerobic conditions were studied for
their direct action on chlamydospores and mycelium of
loose smut of barley (U. nuda) with different moisture
contents. Anaerobic treatment was more effective when
the temperature and moisture contents of spores and
mycelium were increased and the exposure prolonged.

The results confirm the validity of the theory (UJEVIC
1958) that the mentioned physical factors have a direct
selective and complex effect on the destruction of the
mycelium of loose smut in the seed. The principle of the
destruction of the parasite by the physical method of seed
disinfection was explained. The parameters of the men-
tioned factors (and their mutual relations) that contribute
to the destruction of the loose smuts of barley and wheat
in the seeds are about the same as the parameters under-
lying the direct action on the chlamydospores and myce-
lium of loose smuts in vitro. Under all conditions the
parasite showed a greater sensitivity than the seeds, so
that an appropriate combination of the main factors may
facilitate the processes of disinfection and achieve a 100%
destruction of loose smut in the seed (UJEVIC, KRATKA
1972,1973,1974).

The action on the loose smuts and seeds of barley and
wheat varies in its manifestations, from growth inhibition
up to total destruction of parasite and host. Total de-
struction of the parasite in the seed without damaging the
biological value of seed will depend on the appropriate
combination of the mentioned factors, on the variety of
the host and, possibly, on the race of loose smut having
different resistance to certain conditions, i.e., to different
methods of seed disinfection etc.

With knowledge of the mentioned principles, further
metnods of anaerobic seed disinfection against loose smut
were developed by varying the temperature of treatment
from 4 to 47°C. Aiming at mechanization of anaerobic dis-
infection, efforts were focused on successful methods in
which seed of barley is soaked for a short time, 5-10 min-
utes, and the disinfection process takes place at room
temperature of about 20-23°C for about 7.5 days. Seed of
wheat is soaked for 20-25 minutes, and is then treated
anaerobically at 20-23°C for about 8 days (UJEVIC, DIAS
1970a, b, 1971).

A method has been developed for the anaerobic treat-
ment of a larger amount of seed and special equipment
has been designed for this method, and both have been
patented in former Czechoslovakia and other countries
(UJEVIC, DIAS 1968-1971).
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The effect of different methods of physical disinfection
was compared with that of systemic fungicides for the
control of loose smut of barley (U. nuda). Of all the meth-
ods tested, anaerobic disinfection of sced of different
varieties of spring barley had the best biological effect
(UJEVIC 1974a,b).

It has also been found that anaerobic disinfection of
barley seed acts not only against loose smut but under
certain conditions also improves yields (even if the seed
or the stand is not affected by loose smut). The increase
or decrease of yields will depend also on the variety, on
ecological and other factors. The results may be of a more
general importance in plant protection for the use of var-
ious pesticides or other control methods and may serve
as starting points for further study of theoretical and prac-
tical problems (UTEVIC 1974a, b, 1976 a,b).
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Souhrn
UJEVIC 1. (2000): Anaerobni mo¥eni osiva proti pra§né sn&ti jeémene a p¥enice. Plant Protect. Sci., 36: 73-75.

Ochrana proti pra$né snéti je¢mene, zplisobované Ustilago nuda, a prainé snéti pienice, jejiz piivodcem je Ustilago tritici,
spociva v sou€asnosti hlavné v ofetfeni infikovanych partii osiva systémovymi fungicidy na bazi carboxinu a jeho derivati.
Riziko vzniku rezistentnich kmenii patogeni k systémovym fungicidiim a pfevladajici odmitavy postoj vefejnosti k chemické
ochrané rostlin vede v poslednich letech k obnoveni zajmu vyzkumu o nechemickou ochranu proti §kodlivym organismiim.
V ¢lanku jsou shruty vysledky studia, které bylo uskuteénéno v letech 1955-1977 a vyistilo ve vypracovéni nové metody
anaerobniho mofeni osiva je¢mene a pienice proti prainym snétem. Byla vypracovéna ucelend teorie tykajici se podstaty ni¢eni
parazita v obilkich jeémene a pSenice. Bylo zji§téna pravidelna zavislost mezi hlavnimi fyzikélnimi faktory (tj. teplotou, dobou
jejiho plisobeni a vihkosti obilek) a idinnosti na mycelium snéti prainé v obilkéch pfi anacrobnich a acrobnich podminkéch. Lepsi
ucinnosti se dosahlo pfi anaerobnich podminkéch. Tyto faktory pfimo komplexné piisobi odli¥né na obilky je¢mene a pienice a na
mycelium snéti pra§né. Za viech podminek parazit vykazoval vétsi citlivost a mensi Zivotaschopnost nez obilky, proto 1ze pfi
vhodné kombinaci uvedenych faktorii dosdhnout toho, aby parazit byl zniden a obilky pfitom nebyly vazng poskozeny. Bylo
vyvinuto zafizeni, které umozZiiuje uplatnéni anaerobniho moteni u riiznych objemt osiva (o hmotnosti nékolika dekagrami az
tun). Osivo je¢mene se maci ve vodé po dobu 5-10 minut, poté je vystaveno anaerobnim podminkach po dobu 7 a piil dne pfi 20—
23 °C. Stejnym postup se pouZiva pii mofeni pienice, s tim rozdilem, Ze osivo se ma&i 20-25 minut a anacrobnim podminkdm je
vystaveno okolo 8 dni. Po ukon&eni mofeni se osivo dosusi na normalni vlhkost. V porovnéni s chemickym mofenim pii pouziti
piipravki na bazi carboxinu, jejichZ i¢innost se v nasich pokusech pohybovala v rozmezi 80-100 %, byla (iinnost anaerobniho
mofeni 100%. Bylo také zjidténo, Ze anaerobni mofeni osiva je¢mene zvySovalo za uréitych podminek vynosy, i kdyz osivo
nebylo napadeno snéti pra$nou. Kromé spolehlivé biologické G&innosti proti pragnym snétem patii k pfednostem anaerobniho
mofeni ekologickd nezdvadnost a pfijatelné nédklady. Nova metoda a zafizeni na anaerobni mofeni bylo potentovano v deviti
stitech. Ve spolupraci s ministerstvem zemédélstvi a Slechtitelskym a seminafskym podnikem OSEVA bylo na &istici stanici
osiva Vrafiany instalovano zafizeni pro anaerobni mofeni vét§iho mnoZstvi osiva. Metoda byla po n&kolik let ovéfovana na
nékolika §lechtitelskych stanicich (BraniSovice, Slidkovigovo, Horni Mosténice) a ve vyrobnich podnicich.
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