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Abstract

Wheat cv. ‘Grana’ grown under field conditions was sprayed with solutions of Ethrel (500,
1000 and 3000 ppm) in three phases of plant development: tillering, appearance of the first
node of a culm and coming into ear. The plant analysis was done seven days after the
last spray. It has been found that Ethrel treatment decreased the length of a straw, reduced
plant susceptibility to Cercosporella herpotrichoides infection and that with species of the
Fusarium genus. On the other hand it increased wheat susceptibility to Erysiphe graminis
infection, and particularly to that with Puccinia triticina. Ethrel slightly affected the myco-
flora of the root zone — it significantly increased only the percentage of species of the genus
Penicillium and reduced that of Mucor hiemalis. The Ethrel effect on the specific composition
of rhizoplane mycoflora proved to be insignificant.

INTRODUCTION

Ethrel — a compound where 2-chloroethylphosphonic acid is an active com-
ponent, an ethylene-releasing compound, is being increasingly used in agriculture
(Nickell, 1982). It is also one of the components of Camposan, used as lodging
reducer in grain growing (Hoffmann, 1978).

Information on the ethylene effect on the progress of pathogenesis caused by
parasitic fungi is scarce and controversial. Increased resistance obtained by applying
ethylene has been found in Ipomoea batatas infected with Ceratocystis fimbriata
(Clare et al., 1966, Stahmann et al., 1966), in apples infected with Gloeosporium
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album (Lockhart et al., 1968) and in wheat infected with Puccinia recondita (Le-
vin, 1984). It has also been revealed that the introduction of ethylene — air mix-
ture into the soil has inhibited growth of many species of soil fungi (Smith, 1973),
Kravec (1982) quotes the work of Sitnik et al., in which it has been demonstrated
that Ethrel applied in storing sugar beet clumps has prevented rot.

According to Chalutz et al. (1969), the role of ethylene in developing resistance
to pathogens consists in stimulating the host plant to produce MMHD (3-methyl-
6-methoxy-8-hydroxy-3,4,-dihydroisocumarin), a compound showing the proper-
ties of phytoalexins. According to Boller et al. (1983), ethylene inducement of the *
endochitinase enzyme, whose function is to protect the plant against fungal and
bacterial pathogens accounts for the resistance — developing effect of this com-
pound.

There is, however, a number of reports pointing out that plants subjected to
ethylene are less resistant to fungal diseases. Thus, ethylene has increased rotting
in strawberries caused by Botrytis cinerea (El-Kazzar et al., 1983a) has reduced
the resistance of wheat to Puccinia graminis (Daly et al., 1970), of barley to Hel-
minthosporium sativum (Blankenagel, 1981), of soybean to Cylindrocladium clo-
tariae (Forthum, 1983) and of Douglas fir to Fusarium oxysporum (Graham
and Linderman, 1981).

The effect of ethylene on the extent of plant infection with fungi may depend
on the pathogen and the infected plant taxonomic status, on the concentration
and the developmental stage in which the compound has been applied. Thus, ethy-
lene has prevented the development of a disease of tangerine fruits caused by Col-
letotrichum gloesporicides if it has been applied a few days before inoculation. In-
troduced directly after infection it has resulted in the disease which without ethy-
lene would not develop (Brown and Barmore, 1977). Likewise, ethylene has en-
hanced resistance to Penicillium italicum in orange fruits only if applied before
inoculation (El-Kazzar et al., 1983b, ¢).

According to Dehne and Spengler (1982), ethylene increases the plant sensi-
tivity to fungal diseases caused by perthotrophic fungi but decreases their sensitiv-
ity to biotrophic fungi.

Our previous laboratory experiments have proved, Ethrel to inhibit strongly
growth and development of Fusarium culmorum irrespective of the isolates patho-
genicity to wheat seedlings (Michniewicz et al., 1983). The present study is in-
tended to answer the question whether the inhibiting effect of Ethrel on the growth
and development of this fungus will show under field conditions and what effect
the preparation will have on the growth and development of other fungi living on
wheat.

Considering the fact that treating the plant above-ground parts with growth

- regulators, such as gibberellin or auxin, affects the quantitative (Sullia, 1968;
Sethunathan, 1970a; Balasubramanian and Rangaswami, 1973) and quali-
tative (Sethunathan, 1970b) composition of the rhizosphere, it has been decided
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to include in the study the analysis of an effect of Ethrel — treatment of plants on
the specific composition of the root mycoflora.

MATERIAL AND METHODS

Field experiments were conducted in the years 1982-1984 on winter wheat cv.
‘Grana’, on the farm Koniczynka belonging to the Experimental Agricultural Sta-
tion of the Copernicus University in Torun. In 3 m? plots Ethrel produced by Am-
chem was introduced in the form of spray, the concentrations being 0, 500, 1000
and 3000 ppm, with 0.05% Tween 20 as solvent. The treatment was applied three
times in three developmental stages of the plant: tillering, appearance of the first
node and early stage of coming into ear. There were sprayed 360 ml of solution
per plot.

The activity of the compound towards the plant was analyzed by measuring
the straw lengths.

The assessment of the plant infection with Cercosporella herpotrichoides Fron.,
Fusarium sp., Erysiphe graminis DC. f. tritici Marchal, Puccinia triticina Erikss.
was made seven days after the last spraying.

Infection of the base of a straw with Cercosporella herpotrichoides and Fusarium
sp. was estimated according to the three-grade scale after Bojarczuk and Bojar-
czuk (1974) by determining the percentage damage done to a tissue by a given
parasite. Infection with Erysiphe graminis was assessed on the next to flag leaves,
and infection with Puccinia triticina on the flag leaves of wheat. The plant health
condition was studied according to a five-grade scale by determining the percentage
area of leaves occupied by a given parasite (Mikotajska, 1967).

The data obtained from the analysis of tissue damage were used to calculate
the total infection degree as percentage according to Tupieniewicz’s formula (Nau-
mov, 1948).

The experiments were carried out in six replications. The effect of Ethrel on the
plant growth and the extent of infection with each parasite were studied in 600 plants
(100 plants from each plot).

The effect of a treatment on the specific composition of rhizosphere and rhizo-
plane mycoflora was also studied. The fungi from the rhizosphere soil were isolated
by the plate method (Peterson, 1958), those from the root surface by Harley
and Ward’s (1955) method modified by Peterson (1958). Incubation of the plates
(in 5 replications) with a suspension of the rhizopshere soil and with root frag-
ments was conducted for 7 days at 22°C. After that time the fungi were transferred
to agar slands made from glucose-potato medium. The fungi were identified after
a two weeks’ incubation at temp. of 22°C on glucose-potato medium in Petri dishes.

Since the results of all the experiments obtained in each year were convergent,
only experiment data from 1984 are presented in the paper. The results have been
analyzed statistically. The least significant difference (LSD) was calculated.

2 — Acta Agrobotanica 1/86



18 M. Michniewicz et al.

RESULTS AND DISCUSSION

Ethrel applied in all concentrations proved to be active in relation to the studied
plants and induced a pronounced shortening of a straw, i.e. it acted in a way which
is typical of this preparation (Table 1).

Table 1
Effect of Ethrel on the length of a wheat straw (without ears)

Ethrel concentrations (ppm)

Value

0 500 1000 3000
cm 82.2 67.02 60.82 47.32
%* 100.0 81.5 74.0 57.5

* In relation to control.
s Differences in relation to control significant at P = 0.001.

Ethrel inhibited the development of Cercosporella herpotrichoides and of the genus
Fusarium species on wheat, and stimulated the development of Erysiphe graminis,
and particularly that of Puccinia triticina (Tables 2 and 3). This was indicated in
the first place by the degree of infection of wheat (Table 2), and in the case of Pucci-
nia triticina also by the number of plants infected. A stimulating effect of Ethrel
on the number of plants infected with Erysiphe graminis was found only after ap-
plying it in the lowest concentration.

Our data then disagree with the results obtained by Dehne and Spengler
(1982), who claim that ethylene inhibits the development of Erysiphe graminis on
wheat. Our results also contradict these authors’ conclusion saying that ethylene
inhibits the development of biotrophic fungi, and stimulates that of perthotrophic
fungi. In our experiments converse results were obtained: ethylene inhibited the

“development of perthotrophic fungi, Cercosporella herpotrichoides and Fusarium sp.,
and stimulated the development of biotrophic fungi, Erysiphe graminis and Pucci-
nia triticina.

The results of our experiments and literature data presented in the introduction
indicate that at the present stage of our knowledge it is impossible to draw general
conclusions concerning the effect of ethylene on the plant resistance to fungal patho-
gens. This resistance depends on many factors, such as the taxonomic status of both
the plant and the pathogen, the time of application of the preparation and its con-
centration, environmental conditions etc.

The results of the experiments on the effect of Ethrel treatment of wheat on the
composition of the mycoflora of the root zone have been presented in Figure 1.
From the data presented in this figure it appears that in the plant rhizosphere there
dominated species of the genus Penicillium, while in the rhizoplane also those of
the Fusarium genus.

Ethrel affected the specific composition of the root zone only to a small extent.
It caused a statistically significant increase in the percentage of species of the genus



Tavble 2
Effect of the wheat treatment — with Ethrel on the degree of injury (in p.c.) of plants by pathogenic fungi*

Ethrel concentrations (ppm)

Pat

athogen 0 500 1000 3000
Cercosporella herpotrichoides 4.4 (100.0) 4.2 (95.4) 3.52 (79.5) 1.4% (31.8)
Fusarium sp. 43.4 (100.0) 34.32 (79.0) 34.2a (78.8) 34.0® (78.3)
Erysiphe graminis 12.1 (100.0) 15.82(130.6) 15.42 (127.3) 14.2 (117.4)
Puccinia iriticina 9.0 (100.0) 14.92 (165.5) 14.72 (163.3) 16.02 (177.8)

* In parentheses p.c. in relation to control.
a Differences in relation to control significant at P = 0.001.

Table 3
Effect of the wheat treatment — with Ethrel on the percent age of plants injured by pathogenic fungi®

Ethrel concentrations (ppm)

Path
ogen . 0 500 1000 ‘ 3000
Cercosporella herpotrichoides 11.3 (100.0) 10.8  (95.6) 8.8 (77.9) 4.0* (354)
Fusarium sp. 74.5 (100.0) 73.8 (99.1) 70.8> (95.0) 64.8> (87.0)
Erysiphe graminis 59.3 (100.0) 71.08 (119.7) 58.8 (99.2) 48.0° (80.9)
Puccina triticina 56.8 (100.0) 85.33(150.2) 86.33 (151.9) 91.22 (160.6)

* In parentheses p.c. in relation to control.
ab Differences significant in relation to control at: a — P = 0.001, b — P = 0.01.
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Penicillium and a decrease in the percentage of Mucor hiemalis. These variations
were statistically significant at P = 0.001. The changes in the percentages of the
remaining species occurring in the rhizosphere and the changes in the mycoflora
of the rhizoplane were statistically insignificant.
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Fig. 1. Effect of the treatment of wheat with Ethrel on the mycoflora composition in the root zone

* QOthers: Rhizosphere — Cephalosporium roseo-griseum Saksena, Chrysosporium mevdarium (Link) Carmichael, Hel-

minthosporium graminum Rabenhorst, Papularia spacrosperma (Persoon) v. Hohnel, Phoma glomerata (Corda) Wollen-

weber and Hochapfel, Verticillium agaricinum (Link) Corda. Rhizoplane — Cylindrocarpon didymum (Hartung) Wollen-
weber, H. graminum Rabenhorst, Epicoccum nigrum Link, V. album (Preuss)
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Wplyw stosowania Ethrelu w uprawie pszenicy na porazenie roslin przez grzyby
pasozytnicze 1 na sklad mykoflory korzeniowej

Streszczenie

Pszenice ozima odmiany ‘Grana’ uprawiana w warunkach polowych opryskiwano roztworem
Ethrelu (500, 1000 i 3000 ppm) w trzech fazach rozwoju ro§liny: krzewienia, pierwszego kolanka
i wezesnego kloszenia. Oceny porazenia ro$lin dokonano po 7 daniach po ostatnim oprysku. Stwier-
dzono, ze traktowanie roslin Ethrelem skracato dlugo$¢ Zdzbetl, zmniejszalo wrazliwo§é roélin na
porazenie przez Cercosporella herpotrichoides i gatunki z rodzaju Fusarium, natomiast zwiekszalo
wrazliwo$¢ pszenicy na porazenie przez Erysiphe graminis, a zwlaszcza przez Puccinia triticina.
Ethrel wplywal w niewielkim stopniu na mykoflorg strefy korzeniowej; zwiekszat tylko statystycz-
nie istotnie udzial gatunkéw z rodzaju Penicillium i zmniejszal udziat Mucor hiemalis w mykoflo-
rze ryzosfery. Wplyw Ethrelu na sklad gatunkowy ryzoplany okazat si¢ nieistotny.
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