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Redoxni potencial a pH u rostlin a jejich funkce v odolnosti rostlin
k chorobam a v rostlinné fyziologii — prehled dosavadnich vysledku

(Redox potential and pH in plants and their function
in the mechanism of resistance to diseases and in plant physiology. Review)

Doc. Ing. Dr. Jaroslav Benada, Kromériz

Uvod

Studium biofyzikalnich stav( u rostlin bylo zapocato pred cca &tyficeti Iéty v souvislosti s hledanim podstaty odolnosti rost-
lin va¢i parazitm. Pozornost byla zaméfena na proménlivou odolnost obilnin k obligatnim parazitim jako je padli travni a rzi.
Bylo tfeba najit faktor, ktery se méni béhem ontogeneze a vlivem vnéjSich podminek a ktery podmifiuje: 1) gradient choroby na
rostling, 2) zménu odolnosti organt béhem ontogeneze a rlstu, 3) rozdilnou odolnost u jednotlivych (i sousednich) rostlinnych
bunék, 4) relativné rychlou zménu nachylnosti béhem nékolika hodin, 5) zménu anamorfni a teleomorfni struktury.. Takovy fak-
tor bylo mozno najit v takovych biofyzikalnich stavech rostlin jako je redoxni potencial a pH.

Ugelem tohoto pojednani je podat prehled publikaci o biofyzikalnich stavech v rostling a odolnosti rostlin, které byly publi-
kovany od roku 1964 a nejsou bézné dostupné v digitalni formeé a kratce shrnout zavéry z téchto praci. V posledni dobé se ote-
vira Siroka moznost vyuziti metody méreni RP pfi studiu fyziologie rostlin.

Introduction

The study of biophysical states in plants was initiated 35 years ago in connection with the looking for the mechanism of plant
resistance to parasites. Here the attention was focused on the variable resistance of cereals to obligate parasites such as pow-
dery mildew and rusts. It was necessary to find out a factor which changes during the ontogeny and through the environment
and which involves: 1. the disease gradients on plant, 2. the change of susceptibility of organs during the ontogeny and growth,
3. the difference in resistance in individual plant cells, 4. relatively swift changes of resistance during a couple of hours. Such
a factor could be found in the biophysical states of plant organs (redox potential and pH).

The aim of this review was to show the publications of biophysical states in plants and plant resistance , that were presented
since 1964 and that are not currently accesible in digital form and to declare briefly results from these papers. Recently appe-
ars new broad approach of using the method of RP measurement for plant physiology.
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Metody

Pro méfeni redoxniho potencialu (RP) v nerozdrcenych pleti-
vech byla pouzivana leskla platinové elektroda a nasycena
kalomelova elektroda [5]. Aby bylo docileno zietelného spod-
niho bodu obratu, byla Pt elektroda v nékterych pfipadech pre-
polarizovana slabym roztokem ferrikyanidu draselného .Aby se
zjednodusila interpretace dosazenych vysledkl RP, nebyly hod-
noty upravovany o potencial nasycené kalomelové elektrody
(+244 mV). Pro méreni jedné varianty bylo brano 10 listd nebo
jinych organt a vysledek byl vyjadren pramérem a SEM (stred-
ni chyba praméru). Pfed méfenim listova ¢epel byla srolovana
od 3piCky k bazi a Pt elektroda byla vbodnuta do pletiva tak,
aby cely povrch elektrody byl jim pokryt . Pak elektroda s listy
byla vloZzena do Petriho misky, na jejimz dné byla tenka vrstva
0,1% KCI nebo vodovodni vody. U bramborové hlizy nebo
podobnych duznatych organu byla Pt elektroda vpichnuta pfi-
mo do pletiva.

Méreni je tfeba provadét v aerobnich podminkach ('s vyjimkou
pokusu planovanych pro anaerobni podminky). Je tfeba vzit
v Uvahu, Ze hodnota RP je zavisla na enzymatické aktivité a ze
se méni béhem &asu. Hodnota pH byla méfena sklenénou elek-
trodou v kapce rozdrceného pletiva, byly zkouSeny i jiné metody
meéfeni pH.

Vysledky

Redoxni potencial se méni béhem rlstu a vyvoje organu vlivem
svétla, teploty, vihkosti, ristovych regulatoru, vyzivy atd. a vlivem
starnuti organa.

Pro dalsi vyzkum byla formulovana nasledujici hypotéza:

Podstata odolnosti spo¢iva ve schopnosti parazita ziskavat
energii v hostitelské burice. Parazit vyuziva oxidoreduktézu v hos-
titelské plasmalemé. Specifické fenolické latky jsou substratem
pro tyto enzymy (obr.1).

Hlavni body této hypotézy:

1. Vrostlinné burice neni volny kyslik.

2. Redoxni potencial je produktem dychani bunék souctem akti-
vit bunécnych organel, které vytvareji elektrony, a aktivitou oxi-
doreduktazy (termindini oxidazy) v plasmalemé.Nosice elek-
trond mohou pronikat z buriky do vnéjsiho prostredi a jsou
rozpustné ve vodeé.

3. Redoxni potencial je zakladem redoxnich gradientt v rostling,

coz hraje rozhodujici roli v jeji celistvosti i pro Zivot parazita.

Parazit dycha terminalni oxidazou hostitele.

5. Vné&jsi podminky ovlivriuji rozdilné enzymatickou aktivitu hos-
titele a parazita, ¢imz vznikaji rozdilné RP hostitele a parazita
a konec¢né dochazi k nespecifické oxidaci a redukci prenase-
€U elektrond.

6. Kyselost (pH) hostitelského pletiva uréuje, zda se budou tvo-
fit u padli travniho konidie (za kyselé reakce) nebo kleistote-
cia (pH blizko neutralniho bodu).

7. Podle hodnot redoxniho potencidlu rostlin je mozno vysvétlit
nekteré korelacni jevy.

&

Prehled vybranych publikaci o biofyzikalnich stavech (RP a pH), dalsi publika-
ce je mozno najit ve sbornicich konferenci, ale i na webové strance ustavu
(www.vukrom.cz/biofyzikalni stavy):

Methods

Bright foil platinum electrode and saturated calomel electrode
was used for RP measurement in the tissues non-damaged by
disintegration [5] The prepolarisation of the Pt electrode by
ferricyanide was necessary in some cases to obtain the distinct
lower turn point. To simplify the RP interpretation the shown data
do not regard the potential of saturated calomel electrode
(+244 mV). Generally 10 leaves or other organs were taken for one
series of measurement and the results were expressed as mean and
SEM (standard error of mean). Before measurement the leaf blade
was rolled from the tip to the base and the Pt electrode was run
through the leaf tissue so that the whole surface of the electrode
was covered with it. Then the leaf was put in a Petri dish with
0.1 % KCI solution in bottom or with the tap water. In potato tubers
the electrode was simply inserted into the tissue.

The measurement must be done under aerobic conditions (with
the exception of experiments in anaerobiosis). It must be taken into
consideration that RP is dependent on the enzyme activity and that
it changes during a time period. pH was measured using a glass
electrode in a drop of disintegrated tissue. but other methods were
tried too.

Results

The redox state changes during the growth and development of
organs and it is influenced by outer conditions such as light,
temperature, moisture, growth regulators, nutrition, etc. and by the
organ senescence.

A hypothesis was formulated for further investigation:

The principle of resistance consists in the ability of the parasite
to gain the energy in the host cell. The parasite uses the
oxidoreductase of the host plasmalemma. The specific phenolics
are the substrate for this enzyme. Fig. 1.

The main features of this hypothesis are:

. There is no free oxygen in the cell plasma.

2. The redox potentials are generated by the respiration of the cells
by the sum of activities in cell organelles which produce the
electrons and the activity of oxidoreductase (the terminal oxidase)
in the plasmalemma. The electron carriers can perme-ate from
the cell to the evvironment and they are soluble in water.

3. The redox potential is the basis of electric gradients in the plant
which plays the main role in its integrity as well as for the life of
the parasite.

. The parasite respires through the terminal oxidase of the host.

5. The environmental conditions influence the enzyme activity of
host and parasite cells differently by which different redox
potentials may appear in the host and parasite cells resulting in
unspecific oxidation or reduction.

6. The acidity of the host cells determinates the formation of conidia
or cleistothecia (in powdery mildew) or formation of redia or telia
(in rusts).

7. In the dependence on redox potential it is possible to explain
some correlations in plants.

~

N

Author’s previous publications on biophysical states that appeared in journals, recent
publications as well as contributions to conferences you may find on web sites
www.vukrom.cz /biophysical states

1) Benada J.: The growth of powdery mildew (Erysiphe graminis DC.)
on the coleoptiles and on the young leaves of barley. - Phytopath. Z.
51:187-189, 1964a.

2) Benada J.: Consideration about the resistance of barley against
powdery mildew (Erysiphe graminis DC.) from the point of view of
oxidation-reduction potentials. — Scientific Works Cereal Res.
Inst.,Kromériz, 219-223, 1964b.

3) Benada J.: Die Veranderungen in der Resistenz gegen Mehltau und
Roste wahrend der ontogenetischen Entwicklung der Getreidearten. —
Symposium: Host-parasite relations in plant pathology, Budapest,
235-238, 1964c.

4) Benada J.: The influence of pH of barley tissues on the symptoms
caused by powdery mildew (Erysiphe graminis D). — Phytopath. Z. 54:
185-192, 1965.
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5) Benada J.: The gradients of oxidation-reduction potentials in cereals
and the dependance of obligate parasites on redox potentials of the
host tissues. — Phytopath.. Z. 55: 265-290, 1966a.

6) Benada J.: The occurence of telia of rusts and cleistothecia of powdery
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1966¢.

8) Benada J.: The dependance on the pH of the host tissue for the
production of uredia and telia in Uromyces pisi (Pers.) de Bary. — Ceska
mykologie 21: 90-91, 1967a.

9) Benada J.: Redox potential gradients in the flower. — Biol. Plantarum
9: 202-204, 1967b.

10) Benada.: The distribution of redox potentials and pH values in the
leaves of cereal tillers during the stem extension. — Flora Abt. A 158:
343-350, 1967c.

11) Benada J.: Anaerobe Beizung von Getreidesaatgut im Blickpunkt der
Redoxpotentiale. — Intern. Pflanzenschutzkongress Wien 1967,
155-156, 1967d.

12) Benada J.: The effect of wilting on redox potential of cereal leaves. —
Biol. Plantarum 9: 447-453, 1967e.

13) Benada J.: A study on the correlation between the expansion of plant
organs and oxidation reduction potentials. — Flora Abt. A 157: 552-560,
19671.

14) Benada J.: The measurement of redox potential in plants and some
applications on the growth and development of cereals. — Flora Abt.
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15) Benada J.: The effect of IAA on the tropisms of Helianthus annuus L.
seedlings in the relationship with redox potential gradients. — Flora Abt.
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16) Benada J.: The germination of cereal seeds and the anaerobic
treatment of them from the point of view of redox potential. —
Phytopath. Z. 63: 135-141, 1968c.

17) Benada J.: Brown pathes on leaves of barley in the relationship to
powdery mildew. — Phytopath. Z. 65: 288-290, 1969.

18) Benada J.: Chlorotic spots on cereal leaves as the expression of
resistance against powdery mildew. — Phytopath. Z. 67: 89-92, 1970a.

19) Benada J.: Observation of early phases of infection by powdery mildew
(Erysiphe graminis DC.) — Phytopath. Z. 68: 181-187, 1970b.

20) Benada J.: The effect of different conditions of cultivation of powdery
mildew (Erysiphe graminis DC.) on the infectivity. — Phytopath. Z. 69:
273-276, 1970c.

21) Benada J.: The testing of correlation between the biophysical states
in host tissues and the susceptibility of cereals to powdery mildew
(Erysiphe graminis DC.). — Phytopath. Z. 70: 127-136, 1971.

22) Benada J.: [The use of redox potential measurement in the study of
cereal ecology.] — Rostl. Viyr. 19: 815-820, 1973. [In Czech.]

23) Benada J.: [The susceptibility and resistance of Cucumis sativa and
C. pepo organs to powdery mildew Sphaerotheca fuliginea in the
dependance on redox potential and pH.] — Cesk& mykologie 28: 44-53,
1974. [In Czech.]

24) Benada J.: [Attempt for the ellucidation of some correlations in peas
and flax from the redox potentials point of view.] — Acta Univ. Agric.
(Brno), Fac. Agr. 34: 69-73, 1986. [In Czech.]

25) Benada J.: The nature of resistance of plants to obligate parasites. —
Ochr. Rostl. 27: 9-14, 1991.

26) Benada J.: Electric potentials as a factor of morphogenesis and
ontogenesis of plants. — 9th Congress of the Federation of European
Societies of Plant Physiology , Brno, p. S97, 1994.

27) Benada J.: [The measurement of redox potential in soil.] Ob. listy No.
3:48-49, 1995. [In Czech.]

28) Benada J.: Mechanism of plant resistance to obligate parasites in
relation to biophysical states. Pflanzenschutzberichte 57: 37-48,1997.

29) Benada J.: O estado biofisico das plantas e sua fungdo no mecanismo
da resisténcia as doengas. Revisao Anual de Patol. de Plantas 10:
347-372, 2002.

30) Benada J., Variova M.: The growth of the roots of barley in the
dependence on oxidation reduction potential, nitrogen nutrition and
aeration of nutrient solution. — Biolégia (Bratislava) 27: 53-61, 1972.

31) Benada J.: [Importance of biophysical states for phytopathology and
plant physiology]. Agro 1998, &.5, 55-63. [In Czech]

Fig. 1: Why redox potential plays an important role in plant
resistence
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Obr 2: Rozdilna nachylnost riiznych ¢asti bramborové hlizy
k plisni bramborové (Phytophthora infestans) v zavislosti na
redoxnim potencialu

Casti bramborové hlizy (odriida Rosara) nao¢kované plisni bram-
borovou a pfislusny redoxni potencial
2) Vnéjsi ¢ast — odolna, RP >+100 mV
3) Povrch do hloubky 5 mm byl odstranén — nachylné pletivo,

RP <+100 mV

4) Povrch do hloubky 3 mm byl odstranén — ¢aste¢né nachyiné ple-

tivo, RP kolem +100 mV
5) Byla odstranéna jen korkova vrstva — odolné pletivo

Fig. 2: Dependance of susceptibility of potato tuber to late
blight (Phytophthora infestans) on redox potential

Slices of potato tuber (red variety Rosara) inoculated with late
blight (Phytophthora infestans) and gradient of redox potential (RP)
1) Inner part — susceptible, RP < +100 mV
2) Outer part — resistant, RP > +100 mV
3) Surface to the depth of 5 mm removed - susceptible,

RP < +100 mV

4) Surface to the depth of 3 mm removed - partly susceptible, RP

approx. +100 mV
5) Only the cork layer removed - resistant,

Vliv terminu oSetreni na ucinnost fungicidili ze skupiny strobilurint
a inhibitort syntézy sterolti proti listovym chorobam psenice ozimé

(The effect of treatment timing on the efficacy of Qol and DMI fungicides
against leaf diseases on winter wheat)

Dr. Ing. Ludvik Tvartzek, Ing. Vaclava Spacilova, Mgr. lvana Svacinova,

Agrotest fyto, s.r.o0., Kroméfiz
Souhrn
Celkem 8 systému fungicidni ochrany pSenice ozimé, zalozenych na dvou oSetfenich, bylo hodnoceno na ucinnost proti listo-
vym chorobam, na vynos a na starnuti hornich dvou listovych pater. Pfipravky na bazi u¢innych latek Qol (strobilurind) a DMI(inhi-
bitord syntézy steroll) byly hodnoceny v riznych ¢asovych intervalech mezi dvéma oSetfenimi (7, 14, 21, 28 a 35 dnu), kdy dru-
dosazeno v pfipadé, Ze prvni zakrok byl provenen 14 dnu pred kvétem.

Byl zjistén statisticky vysoce vyznamny vliv pouzitych fungicidd a terminu prvni aplikace na vyvoj napadeni porostu listovy-
mi chorobami a vynosovou reakci na o$etreni. Pfi delSich ¢asovych odstupech obou aplikaci byl zji§tén témér linearni narlst
napadeni od 3 tydenniho intervalu po 5 tydenni. Pouze varianta intervalu aplikaci 21 dnu se blizila optimu uc¢innosti zjisténému
pfi dvoutydennim odstupu aplikaci. Absolutni ochrana proti chorobam byla zjiSténa pouze u variant, ve kterych byly pouzity lat-
ky skupiny Qol. Jejich pradmérny vynosovy efekt byl o 0,5 t/ha vy$si ve srovnani s oSetfenimi DMI fungicidy. Fungicidni systé-
my Qol poskytly vyrazné delSi ochranny efekt, ktery se projevil i ve zbarveni listl hornich dvou listovych inzerci.

Kli¢ova slova: pSenice ozima, odrada Meritto, fungicidy, Qol, DMI, termin oSetfeni, listové choroby, vynos, rok 2008

Summary

Eight systems of fungicidal protection of winter wheat, based on two treatments, were evaluated according to the efficacy
on health status, expressed by AUDPC, grain yield and leaf senescence of two upper leaf layers. Qol and DMI-based
preparations were evaluated at various time intervals between two treatments (7, 14, 21, 28 and 35 days), when the second
application was carried out uniformly at anthesis (DC65). The lowest values of AUDPC, and thus the best fungicidal efficacy,
were assessed in the case when the first application was performed 14 days prior to the ear treatment.

Highly significant effect of the applied fungicides and the first application timing was confirmed on the development of infection
by leaf diseases and yield response to the treatment. At longer time intervals of both applications, almost linear increase in the
infection from 3- to 5-week interval was assessed. Only the variant with a 21-day interval was close to the efficacy optimum.
Absolute control of diseases was found only in the variants with Qol a.i. Their mean yield effect was 0.5 t.ha™ higher as compared
to the treatments with DMI fungicides. Qol fungicidal programs provided considerably longer protective effect, which was also
expressed in leaf colour of two upper leaf layers.

Keywords: winter wheat, Meritto variety, fungicides, Qol, DMI, treatment timing, leaf diseases, yield, year 2008
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