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Abstract. A study was made of the action of volatile substances liberated from the rhizome
of couch grass on wheat seedlings. The experiments were made in & closed atmosphere in glass
vessels with continual removal of expired CO, and the addition of O,.

Volatile substances liberated from couch grass produced numerous morphological and physio-
logical changes in wheat seedlings. They caused retarding of the growth of overground parts
and roots, the excessive formation of root hairs, curling of the roots and bending of the coleop-
tiles. The respiratory rate was higher in the leaves and roots of the experimental wheat seedlings
than in the controls. The changes observed were similar to those produced by hydrocarbons
of the ethylene series, which are well documented in the literature.

The allelopathic action of couch grass has been confirmed in much data
obtained by laboratory work and from experiments in natural soil conditions
(OsvaLp 1950, TrEmes 1947, 1959, LASTOVKA 1955, 1960, 1961, 1964, KoMME-
DAHL, KOTHEIMER, BERNARDINI 1959, WELBANK 1963, PLHAK 1964). Some
authors considered volatile essential oils, isolated from the rhizome, to be the
cause of the allelopathic properties (TREIBS 1947, 1959, LASTOVRA 1960,1961).
Other authors thought these properties to be due to non-specific substances
forming and being liberated during decomposition processes of the under-
ground organs (WELBANK 1963). The first theory has a certain amount of
uncertainty, since sufficient evidence has not yet been provided of the libera-
tion of these volatile substances from the growing organs of couch grass or
of the biological action of such substances under natural conditions.

Materials and Methods

The experiments were made with couch grass (Elytrigia repens (L.,) DEsv. =
Agropyron repens L.) and the spring wheat “Niva” in a greenhouse at a tem-
perature of 15° 4 3°C.
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Healthy couch grass rhizomes were cut into sections about 12 cm. long,
moistened in Knop’s nutrient solution and placed in amounts of 200 g in
experimental vessels composed of the lower parts of exiccators covered with
a bell glass. The total volume of the vessel was about 3 litres. They were left
for 10 days and when the rhizomes started to grow (and produce roots),
Petri dishes with wheat seeds were placed over the rhizomes. The Petri dishes
contained three sheets of filter paper moistened with water. A dish containing
200 ml KOH was placed on the floor of the experimental vessel to absorb
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Fig. 1. Diagram of experimental set-up. Vessel 1 contains dish with KOH solution, couch
grass rhizomes and Petri dishes with seedlings. Vessel 2 contains oxygen and water,
vessel 3 contains water. System of vessels connected so that water flowing from vessel 3
forces oxygen into vessel 1 at rate comparable to oxygen consumption of plant tissues.

the CO, produced. Folded filter paper was placed in the KOH solution in order
to increase the absorbing area.

During the experiment the vessels were kept airtight. The oxygen consumed
was replaced from a bottle at the side connected to the bell glass with rubber
tubing. In order to ensure that there was an adequate amount of oxygen
above the couch grass, oxygen was forced into the experimental vessel under
slight pressure by raising the water level in a further bottle connected with
the oxygen bottle by a rubber tube (see diagram in Fig. 1).

The wheat seedlings were kept moist with water during germination by

Table 1. Growth of wheat seedlings placed alone and together with couch grass in experimental
vessels for 10 days

Age of Length of plants organ in mm v
alues ty,
_Ph:ints Control plants Plants with couch grass
in days
Y Roots | Leaves Roots | Leaves Roots | Leaves
5 49-4 ‘ — 29-5 ‘ — — l —
7 80-6 — 410 — — —
10 107-3 110-7 66-2 67-4 6-71** 8:30**

** highly statistically significant difference (P = 0.01)
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tubes placed in the neck of the bell glass. The control wheat-seedlings were
kept under the same conditions, but without the presence of the couch grass
in the experimental vessel.

During 10 days of germination the seedlings were photographed and the
lengths of the primary roots measured. After 10 days, at the end of the ex-
periment, the lengths of the leaves were also measured and the respiratory
rate of the leaves and roots was determined manometrically by the Warburg
apparatus. Differences in growth and respiration were evaluated by the t-test.
The experiments were repeated three times in succession.

Table 2. Respiration rate of roots and leaves of wheat seedlings placed alone and together with
couch grass in experimental vessels. Age of plants 10 days. Respiration rate expressed as O,
consumption per gram. tissue dry weight per 60 min.

@l O,
- Values t,
Control plants Plants with couch grass
Roots Leaves Roots | Leaves Roots | Leaves
3221 3629 4441 3991 5.05%* ' 3-1*

* gignificant differences (P = 0-05)
** highly significant differences (P = 0-01)

Results

Figs. 2—5 and Tab. 1 show the growth of wheat seedlings placed over couch
grass and in control vessels during 10 days.

A number of changes were observed in the wheat seedlings placed in an
enclosed atmosphere with vegetating couch grass rhizomes in comparison with
the controls. The growth of the overground parts and roots of the experi-
mental plants was greatly inhibited. Inhibition of the growth of the primary
roots was visible from the fourth day of germination. This inhibition of growth
became more marked in the next few days and then became less (Figs. 2,
4 and 5). At the end of 10-day’s growth, the roots of the wheat seedlings
grown over couch grass rhizome were 38-49, shorter than those of the controls.
The length of the first leaf of the experimental plants was also 389, less than
that of the control plants.

Other morphological and physiological changes were noted in the experi-
mental seedlings, in addition to inhibition of growth. Swelling of the coleo-
rhiza was visible at the beginning of germination, later there was excessive
growth of root hairs. The growing roots became curved and coiled particularly
at the beginning of growth (Figs. 2 and 3). This was probably connected with
a disturbance in the negative geotropic reaction of the roots. Similar disturb-
ances in growth correlations — bending of coleptiles — were seen also in the
overground parts (Fig. 5). The respiration rate was significantly higher in
the overground and root parts of the experimental plants than in the con-
trols (Tab. 2).

Discussion

The results of the experiments showed that vegetating couch grass rhizomes
have a definite action in wheat seedlings when placed together in an enclosed
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space. Since oxygen deficiency and excess CO, in the experimental vessels
resulting from the metabolic activity of the plant tissue were excluded, it
can be assumed that the changes were produced by volatile substances liber-
ated from the tissues of the couch grass.

The same changes were observed in all three repetitions of the experiment.
The character of the reactions can be compared in some ways with the reac-
tion of plant organs to the presence of biologically active substances of
ethylene type. The most important physiological changes produced by ethylene
and also to a varying extent in the present experiments, were as follows:
Inhibition of growth in length observed on wheat seedlings (Mack and Li-
VINGSTON 1933), retardation of root growth (Borris 1943), loss of negative
geotropic reaction of stems (NELJUBOV 1911, DosTAL 1942) and loss of positive
geotropic reaction of roots (Moriscu 1937, ZimMERMAN and HiTHCOCK 1933),
inhibition of growth in length and thickening of stems and roots and excessive
root, hair formation, etc. (EveNarr, 1961). Other authors reported increased
tissue respiration as a characteristic reaction to ethylene (HuELIN and BARKER
1939, HErrERO and Hair 1960), a finding also made in our experiments.
Since the production of active substances of the ethylene type has been de-
monstrated in many plant tissues, including fruits, leaves, flowers, stems,
tubers and roots of various plants (MoLiscH 1937, EvENARI 1961), also in-
cluding the leaves and roots of couch grass (Porursky, LucaEEO, MATKOVSKY
1962), it can be assumed that the changes observed in our experiments were
at least partly due to the action of substances of this type.

The biological activity of volatile substances from the rhizome of couch
grass was also investigated by LaSTOvka (1961, 1964) and MINAR (1961).
These authors worked with substances obtained by extracting ground couch
grass rhizomes in ether. The volatile fraction of this extract caused big changes
in many biological objects, when acting in an enclosed space during short
time. After longer time cell, tissue and organ necrosis occurred. The authors
explained the action of volatile substances in the extract by the presence of
the unsaturated hydrocarbon, agropyrene, which was isolated from the
rhizome of couch grass by TrrmBs (1947, 1959). »

Since agropyrene is an unsaturated hydrocarbon similar to the biologically
active hydrocarbons of the ethylene series, it could have a similar biological
action. The reports of the above authors, however, contain no mention of
changes similar in character to those found in our experiments. These differ-
ences may be due to the big differences in the concentration of the substances
used in both types of experiments. But qualitative differences in the effective
substances in both experiments cannot be excluded in view of the different
manner in which they were attained.

In spite of the certain specificity of the reactions of the experimental plants
on the active substances liberated from couch grass, found in our experiments,
no definite conclusion can be drawn about their nature without closer identi-
fication. Our results, however, confirm allelopathic properties of couch grass
conditioned by the liberation of biologically active volatile substances from
vegetating rhizomes into the environment.
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Sledovali jsme tuginek volatilnich substanci uvolfinjicich se z vegetujicich oddenkt pyru na
kli¢ni rostlinky pienice. Pokusy byly provddény v uzaviené atmosféfe ve sklendnyjch nadobéch
pii permanentnim jiméani vydychaného CO, a dopliiovéni O,. Pokusné nddoby byly umistény
ve skleniku.

Volatilni substance pyru vyvolavaly ¢etné morfologické a fyziologické zmény klignich rost-
lin pienice. Dochézelo k inhibici rastu nadzemnich &ésti i kofinki, vytvafeni prebytku kofe-
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Fig. 2—5. Growth of wheat seedlings placed in experimental vessels without couch grass (con-
trol — on left) and with couch grass — on right: Fig. 2 — after 6 days, fig. 3 — after
6 days (only plants growing with couch grass — detail), fig. 4 — after 8 days and fig. 5 —
after 9 days growth.
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nového vléseni, zakrucovani kofinkji a ohybéani koleoptili. Intenzita respirace listd i ko¥ent
pokusnych rostlin pSenice byla proti kontrole patrn® zvySena. Pozorované zmény byly po-
dobné v literatuie hojnd popisovanym zméndm, které vyvolavaji uhlovodiky etylénové Fady.

@. Ilirak, W. Tenan, Kadexpa ¢usnomorum pacrennii u reneturn, Qaxyibrer ecrecTBo-
sHaHnA, YHusepcuter uM. f. 3. Ilypkunne, Bpuo: Hayyenuc BAHAHMA JeTyYnx BelECTB
noipea. — Biol. Plant. 7 : 368—373, 1965.

ME B3y9a/in BIMSHEE JIETYIRX BEIIECTB, 0CBOOORIAIOIUXCS N3 BereTHPYIONINX KOPHEBHIIL
nbipes, Ha IPOpAcTaloNlye pacTeRnA ImeHnisl. OIBITH IPOBORUINCH B 3aKPHTOH arMocdepe
B CTERJISHHHIX COCYJaxX NPU NOCTOSHHOM IOTJIOIEHMM [sixaHueM ocBoboskmennoro CO,
u gononueHnn O,. OIERTHHE cOCYIs! OB TOMEMNIEHE! B TeIUIALE. JleTydne BemecTBa IBIpes
BEI3HIBAJIE MHOIWe MOPQOJIOrMYecKHe M (QU3MojoruiecKre M3MeHeHHs HpOpacTalomuX pa-
CTeHHH mueHWIH. BHUIO BEIBBAHO TOPMOMKEHME POCTA HAN3EMHEIX YacTed W KOPEIIKOB,
obpasoBanue M30HITKA KOPHEBEIX BOJOCKOB, BAKPYHHUBAHNE KOPHEH U marubbl KOJIEONTAIEH.
JHTeHCHBHOCTD PECIMPAINY JUCTHCB M KOPHEH ONBITHBIX PacTeHUil NIHEHUIEL TI0 CPABHEHWIO
¢ KOHTpPOJIeM OdYeBUAHO NOBHieHa. HabmomaeMmble M3MEHEHWA MOXOMH Ha YACTO OIHCEHI-
BaeMble B JIATEPAType M3MeHEHWsd, BHI3LIBACMEIEC YITIEBOJODPOJAMM STHIIEHOBOTO pPsifia.



