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Abstract. A water-soluble germination- and growth-inhibitor present in plants of Brassica
genus was studied. Aqueous eluates from chromatograms of methanolic extracts of Savoy cab-
bage, cabbage and Brussels’ sprouts leaves, and of Brussels’ sprouts roots, inhibited the growth
of wheat; the chromatographic behaviour of this inhibitor was similar to that of the thioglycoside
glucobrassicin (RLUBR). GLUBRat 10—%m, and the supposed product of its enzymatic degrad-
ation,3-indolylacetonitrile (IAN) at 10—%m, inhibited the growth of wheat and clover in a similar
manner. At lower concentrations, both substances gradually enhanced growth. In contrast to
IAN,GLUBR did not appreciably influence the growth of Savoy cabbage. Other products of
GLUBR degradation, such as thiocyanate ion and ascorbigen, influenced the growth to a lesser
extent and in a different way. At higher concentrations GLUBR and IAN also inhibited the ger-
mination of clover seeds. The biological effect of GLUBR is dependent on the presence of the
indole nucleus in its molecule; the thioglycoside glucoiberin, which is not of indolic character,
does not influence growth. The presence of free myrosinase was shown in intact wheat seedlings.
Hence, GLUBR taken in by the germinating plants must undergo enzymatic cleavage. The in
vitro activity of myrosinase in wheat and clover was lower than in Savoy cabbage, butthe
quantity of IAN formed at a pH corresponding to the natural pH was higher in wheat and clover
than in Savoy cabbage, where the formation of the growth-inactive ascorbigen prevailed. On
the basis of these results the hypothesis was formulated that GLUBR, the indolic complex from
the genera Brassica, Raphanus, Cochleria, Nasturtium, Barbarea and Sisymbrium, is a repre-
sentative of a class of potential inhibitors of growth and germination, whose activity can be ex-
plained by the liberation of large amounts of growth-affecting substances during their spe-
cific enzymatic cleavage.

Recently CaMPBELL (1959) described the inhibitory influence of aqueous
extracts from parts of Brassica oleracea plants, on the germination and growth of
clover (Trifolium repens) and on growth of rye-grass roots (Lollium perenneL.and
Lollium multiflorum Lawm.). The stimulus for this work came from the observa-
tion that the yields of mixtures of grass and clover, grown on fields where
fodder plants of the Brassica genus had previously been cultivated, were low;
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clover especially suffered in such a case. Campbell postulated the presence
of an unknown inhibitor in plants of Brassica which could pass into water from
the plant organs. Prior to Campbell, this problem was studied by STEWART
(1959), BENTLEY and BIoRLE (1952) (see the review of HEMBERG, 1961).
Recently TURETSKAYA and KEFELI (1963) published their results, according
to which the inhibition of growth is caused by polyphenols. In our experiments
-we tried further to elucidate the chemical character of Campbell’s inhibitor.
It is well known that Brassica plants contain an appreciable amount of sulphur
compounds, especially isothiocyanates and their glycosides (for review see
Kiazeg, 1958). Recently the thioglycoside glucobrassicin (GLUBR)* (GMELIN
and VIRTANEN, 1961) was isolated from plants of Brassica genus. The precursor
of its indolic moiety is tryptophan (KutA¢Ek, ProcHAZKA and VERES, 1962).
Later, the same authors (GMELIN and VIRTANEN, 1962) isolated from Brassica
another thioglycoside, neoglucobrassicin (NEOGLUBR), which is the N;-meth-
oxy-derivative of GLUBR. From the physiological point of view, it is well
known that isothiocyanates can inhibit the germination and growth of
plants, as described for allylisothiocyanate by JirAlEK and Ko&rik (1960)
and L&BrLovA and KoStik (1962). According to VIRTANEN (1962) isothio-
cyanates possess both fungicidal and bactericidal properties. Although the ex-
planation that Campbell’s inhibitor was probably an isothiocyanate present
in plants of Brassica genus was attractive, it was not unequivocal in view
of the low solubility of isothiocyanates in water and hence their low rate of
diffusion into aqueous medium. Therefore, as well as systematically testing
substances present in the methanolic extract of plants of the Brassica genus, we
concentrated out attention on the highly soluble thioglycoside GLUBR, pre-
sent in these plants in high concentration. GLUBR, which belongs to the
group of physiologically active “isothiocyanates”, is also a representative
of a little-known group of so-called indole complexes (BoNNER, 1950). In this
paper we describe the activity of GLUBR as a potential growth inhibitor of
plants, and elucidate the biochemical causes of this activity.

Material and Methods

The GLUBR used in this study was isolated according to GMBLIN and VIRTANEN (1961) from
a methanolic extract of Brussels’ sprouts (Brassica oleracea L., var. gemmifera (DC.) THELL).
The purity of the isolated GLUBR was checked chromatographically and oscillopolarographically
(KuritEx and Pospidir, 1964). GLUIB, the glycoside producing 3-methylsulphoxypropyl
isothiocyanate, was kindly put at our disposal by Dr. R. GMELIN. Synthetic ASCBG was pre-
pared by Z. ProcHAzKA (1963). In the experiments in which we investigated the activity of
single compounds on germination and growth, seeds of wheat (T'riticum aestivum L., var. erythro-
spermum (Korn.) Mrr. “Kadtickd osinatka’, later *‘Chlumeckd’), of clover (T'rifolium pratense
L., “red Chlumecky”), and of Savoy cabbage (Brassica oleracea L., var. sabauda L., “D&ténicks
late”) were used. The seeds were sterilized with 709, ethanol and seeded on a filter paper disc
of 9 em. in diameter in Petri dishes, 50 seeds per paper. Each experimental series with one
substance was repeated 2 to 3 times, and each concentration of inhibitor was tested three times.
At the beginning of the experiment 3 ml. of a solution of the experimental substance were added

* In this paper the following abbreviations will be used: glucobrassincin—GLUBR, neogluco-
brassicin — NEOGLUBR, glucoiberin — GLUIB, ascorbigen — ASCBG, 3-indolylacetonitrile —
IAN, 3-indolylacetic acid — IAA, indole-3-carboxylic acid — ICOOQH, 3-indolylacetamide —
IAAmide, thiocyanate — CNS, tryptophan — TRY.
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to the seeds, usually in concentrations from 105 to 10~2m. Controls were supplied with water only
Petri dishes were put into a thermostat at 25° C. After two days the germinated seeds were
counted and measurements were made of the length of the seedlings. These measurements were
repeated each day up to the sixth from the beginning of the experiment. During the experiment
distilled water was added to the Petri dishes if necessary. The fate of experimental substances
was investigated during the course of the experiment by chromatography on Whatman No.
1 paper in three solvents. n-Butanol-acetic acid-water 4 : 1 : 3 (8,) was used to identify GLUBR
and TRY (GMELIN and VIRTANEN, 1961); butyl acetate saturated with water (S,) for the iden-
tification of ASCBG (PRoCHAZKA, SaNDA and MACEK, 1959; KUTACER, NOVAROVA and VALENTA,
1963); trichlorethylene-acetic acid (100 : 2) (S;) for the identification of ICOOH, IAA and TAN
(KuTA¢ER, NovARKOVA and VALENTA, 1963). Detection was carried out with formaldehyde
reagent (PROCHAZKA, SANDA and MACEE, 1959). For biological testing, the chromatograms were
cut into 10 zones (according to R values). Individual zones were cut into small pieces and
extracted with water (6 ml.) overnight. The influence of aqueous eluates (3 ml.) on the germination
and growth of wheat (‘““Chlumeckd”) was followed as described in the paragraph on biological
testing. Methanolic extracts of young leaves of cabbage, Brussels’ sprouts and Savoy cabbage,
and of roots of Brussels’ sprouts were chromatographed on paper, and eluates of the chromato-
grams were tested in the same way. Extraction was preceded by inactivation of tissue enzymes:
whole, intact organs were immersed in boiling methanol for 1—2 minutes (KUTACER, PROCHAZEA
and VERES, 1962). In control experiments (K)the wheat seeds were allowed to germinate in
aqueous eluates of pure chromatographic paper (Whatman No. 1), through which the chromato-
graphie solvent (8;) had passed before elution.

Enzymatic cleavage of GLUBR was followed in intact plants or organs as well as in tissue
breis. Intact wheat seedlings (height of plumula 3 mm.) or extirpated germs were washed with
709, alecohol and put into a 1 mg9%, solution of GLUBR with the addition of several drops of
toluene. GLUBR was introduced into intact wheat leaves (10 cm.) by the transpiration current.
Tissue breis were prepared by grinding of the extirpated plants of wheat or seedlings of clover and
Savoy cabbage and diluting with water (4 ml. of water for 0-5 g. of the tissue). The pH of the
breis was about 5-1—5-4. The experimental material was then incubated in a thermostat for
20 hours at 25° C. Extracts or aliquots or samples were analysed chromatographically.

The quantity of thiocyanante ions set free from GLUBR was determined colorimetically at
470 mu with Bakers’s reagent (M1cEAJLOVSKIY and LANGER, 1958).

Results

From the graphs 1-a-b it is evident that marked inhibition of the growth of
roots as well as coleoptiles of wheat (after 3 day’s germination, see upper part
of the graph) corresponds to the position of GLUBR on the chromatograms.
Extracts of Brussels’ sprouts leaves also diminished the number of wheat
seeds that germinated (data in the middle). Similar results were obtained with
leaves of Savoy cabbage (Brassica oleracea L., var. sabauda L.). Brussels’
sprouts and Savoy cabbage have a relatively high content of GLUBR (see the
stained part of the chromatograms). The presence of GLUBR in extracts
from single zones of the chromatograms was demonstrated by repeated chrom-
atography of aliquots of aqueous extracts. The position of NEOGLUBR,
which was readily visible on chromatograms of extracts from roots of Brussels’
sprouts and less so on those of Savoy cabbage leaves, corresponds to a stimu-
lation of root growth of wheat (see graphs).

In other experiments the influence of GLUBR and possible products of its
degradation, i.e. TAN, CNS and ASCBB, on the germination and growth of
wheat, clover and Savoy cabbage was determined (Fig. 2). The growth of
wheat coleoptiles in the presence of GLUBR was indeed inhibited (hatched
area), when compared with the controls in water (1st column), but not nearly
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so strongly as was the growth of roots (white area). The roots of wheat grew
very slowly and were very short, their number was greater in comparison with
the control and they formed bunches especially at higher concentrations of’
GLUBR. The growth of clover was also inhibited. In both instances the 10-2
and 1073 M concentrations of GLUBR were strongly inhibitory (2nd and 3rd
column of the daily record), at the 10~ M concentration the inhibitory influence
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Fig. 1. Biological evaluation of chromatograms of methanolic extracts of
a) leaves of Brussels’ sprouts (Brassica oleracea L. var. gemmifera)
b) roots of Brussels’ sprouts.
Chromatography was carried out in solvent system S,; for detection wheat seedlings
(var. “Chlumeckd”) were used. The measurement of lengths of roots (white areas) and
coleoptiles (hatched area) in mm. was carried out after 3 days.

of GLUBR decreased somewhat, and at 10-5 M concentration the influence
sometimes became a stimulatory one (especially with clover). The inhibition
of cabbage was less obvious than that of wheat and clover, and the change of
inhibition to stimulation occurred at higher concentrations. A 10-2 M solution
of IAN could not be prepared because of its low solubility. However, relatively
high concentrations (10-2m and 10-¢ M) of TAN were clearly inhibitory. The
influence of TAN on the growth of wheat and clover was similar to that of
GLUBR; both substances inhibited predominantly the growth of roots. Partic-
ularly striking was the change in activity of TAN and GLUBR with changes
in their molar concentration. With wheat the effect of a given concentration
of GLUBR always corresponded to the effect of a ten times lower concentration
of IAN. TAN, in contrast to GLUBR, noticeably inhibited the growth of Savoy
cabbage, especially of its roots. The influence of thiocyanate ions (CNS) was
less pronounced. CNS did not display, for example, such a deflnite influence
on the growth of roots. The effect of ASCBG on the growth of wheat was
rather indistinet; a definite inhibition was found only in clover (see Fig.2).

The thioglycoside GLUIB, which does not contain an indole nucleus in the
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molecule, did not inhibit the growth of experimental plants. It produced only
a feeble stimulation (Fig. 3).

In the above experiments we also determined the percentage of seeds that
germinated. Seeds of clover and wheat were strongly affected (Table 1); at the
highest concentrations tested GLUBR and IAN inhibited their germination,
ASCBG had a small effect, and GLUIB was without influence. CNS stimulates
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Fig. 2. Effect of glucobrassicin (GLUBR), 3-indolylacetonitrile (IAN), ammonium thiocyanate
(CNS) and ascorbigen (ASCBG) on the growth of wheat, clover and Savoy cabbage.
For wheat average lengths of roots (white areas) and coleoptiles (hatched areas) are
given; for clover and Savoy cabbage only lengths of whole plants were measured. The
plants were measured during the 3rd to 6th day period. In daily records the first column
represents control plants, grown in water, the following columns correspond to experi-
ments with 10~2 and 10-3m, 10-* and 10-5M concentrations of tested substances.

the germination slightly (GEMEINHARDT, 1938). The germination of Savoy
cabbage seeds was not influenced by any of these substances.

Very significant results were obtained by the study of enzymatic cleavage
of GLUBR. In the first series of experiments, where intact plants or organs of
wheat were used, we proved that free myrosinase is present only in seedlings.
The presence of IAN and also TAA (formed under the influence of indolylaceto-
nitrilase, THIMANN, 1953) was demonstrated chromatographically in methan-
olic extracts of seedlings, after 1 —2 minute’s inactivation by boiling. In fully
grown leaves we were unable to show any activity of free myrosinase. In the
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second series of experiments with tissue breis, we studied the specificity of
degradation of GLUBR by myrosinase of different plants. Chromatographic
analysis of degradation products in the S, system showed that the myrosinase
from Savoy cabbage was most active. No GLUBR was present in the brei after
incubation. In the breis prepared from wheat and clover some of the GLUBR
(B 0-1) remained unchanged. The most important result of these experiments
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Fig. 3. Effect of glucoiberin (GLUIB) on the growth of wheat, clover and Savoy cabbage.
Experimental arrangement as in Fig. 2.

(chromatogram in S,) is the detection of different amounts of IAN (Ry 0-6)
from different plants. In the experiments with wheat approx. 3 ug. of IAN
were formed from 100 ug. of GLUBR, with clover the amount was 1-5 ug. of
TAN from 100 pg. of GLUBR, and with wheat the amount of IAN formed was
negligible (less than 0-25 ug.).

Chromatography in S, showed that in Savoy cabbage and clover, ASCBG
was formed. With Savoy cabbage a part of it was transformed to other degra-
dation products, substances T, S and C (KuTAGER, NovikovA and VALENTA,
1961; Saxpa, CoxsTanTzAS and ProcHAZKA, 1962). With wheat another indole
derivative (Ry 0-8) was formed, similar in some respects to IAAmide (Kura-
$ER, RokosovA and RETOVSKY, 1959; see also ZENK, 1962).

Tab. 1. Effect of glucobrassicin (GLUBR), 3-indolylacetonitrile (IAN), ammonium thiocyanate
(CNS), ascorbigen (ASCBG) and glucoiberin (GLUIB) on germination of clover in 9, of control
plants grown in water (counted the 3rd day of the experiment)

Molar concentration GLUBR IAN CNS ASCBG GLUIB
10— 73 - 107 87 100
107t 96 48 127 105 102
10— 101 99 116 102 102

10-s 95 96 - - 102
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In addition to a spot corresponding to ICOOH, another less distinct spot,
corresponding to TAA, was observed with wheat. The amount of CNS formed
by degradation of GLUBR was also determined. It was very high with Savoy
cabbage. With wheat the amount of CNS formed was only 19-19,, and with
clover only 21-39%, of that with Savoy cabbage.

Summarizing the results of the chromatographic analysis of degradation
products of GLUBR, we can conclude that under the influence of myrosinase
at pH 5-1—5-4, the following indoles are formed in appreciable amounts with
various plants: a) with wheat — “IAAmide?”, TAN, b) with clover — ASCBG,
ICOOH, TAN, and c¢) with Savoy cabbage — ASCBG, substances T, S, C,
and ICOOH.

Diseussion

Our work concerns the study of the physiological activity of GLUBR. The
present results demonstrate mainly the influence of GLUBR on plants of
genera other than Brassica, where GLUBR is a naturally occurring plant
component.

In animals GLUBR produces thiocyanate ions, which are goitrogenic (GME-
LIN and VIRTANEN, 1960; VIRTANEN, 1961). It seems that the physiological
activity of GLUBR in plants is primarily due to its indolic moiety. This idea
is borne out by the experiment with the thioglycoside GLUIB, which does not
contain the indole nucleus in the molecule, and which was not, in contrast to
GLUBR, markedly physiologically active. We believe that the biological acti-
vity of GLUBR results from its breakdown in the plant, into which it is
introduced, i.e. from the enzymatic release of the active indole TAN from its
molecule. For this reason we investigated the enzymatic cleavage of GLUBR.
In testing for free myrosinase we chose wheat, because the inhibitory effect of
GLUBR was rather pronounced with it. We found that free myrosinase is
indeed formed in intact experimental plants during their germination.

The study of specificity of degradation in various plants was carried out by
means. of tissue breis. GMELIN and VIRTANEN (1961) have already described
the enzymatic cleavage of GLUBR by myrosinase prepared from mustard seeds
(Brassicaceae). According to their results the formation of appreciable amounts
of TAN takes place only at low pH values, i.e. 3—4. At pH of about 6, usual in
tissue brei, ASCBG is formed predominantly in the presence of ascorbic acid,
and the amount of TAN formed is relatively low (GMELIN and VIRTANEN, 1961;
KuTiéeEr, ProcHAZKA and GRUNBERGER, 1961). In contrast to this, we
found in the experiments with wheat and clover, that even at pH of about
5-2 and with lower activities of myrosinase, the amount of TAN formed can be
relatively high — higher than in Savoy cabbage.

Our hypothesis that the observed inhibitory activity of GLUBR, changing
gradually to stimulation at lower concentrations is caused by IAN set free
from GLUBR, is supported by morphological changes in experimental plants
(the striking influence of GLUBR and IAN on the root growth), as well as by
the results of enzymological experiments. The different effects of GLUBR on
various plant species can be explained by the specificity of myrosinases in
these plauts. In wheat and clover, the strong inhibitory effect of GLUBR cor-
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responds to the relatively high rate of formation of IAN. In Savoy cabbage,
where the inhibitory effect of GLUBR is negligible, the formation of ASCBG
prevails, which does not influence appreciably the growth. By contrast with
other products of degradation of GLUBR (ASCBG, CNS) only IAN imitates
(in a comparable manner) the physiological and morphological effects of
GLUBR. The physiological effect of CNS ions is different from that of
GLUBR. CNS does not influence the growth of roots, although this effect was
observed with GLUBR, and in addition CNS stimulates the germination of
seeds. In contrast to this, GLUBR and higher concentrations of IAN inhibited
the germination of clover and, to a lesser extent, of wheat seeds. In view of
the appreciable amounts of CNS ions, formed from GLUBR in Savoy cabbage,
we believe that these ions may be the cause of the slight effect of GLUBR,
when given in the highest concentration, on the growth of Savoy cabbage.

GLUBR, the indole complex from plants of Brassica, Raphanus, Nasturtium,
Cochlearia, Barbarea and Sisymbrium genera (KUTACEK, 1964) is, according to
our hypothesis, a representative of a relatively unknown class of potential na-
tural inhibitors of germination and growth, whose effect can be explained by
the enzymatic release from these complexes of growth-affecting substances.
It can be assumed that the plant kingdom will be found to contain more such
substances, analogous to GLUBR, whose inhibitory or stimulatory activity
will be a function of their concentration. In this respect we may mention the
finding of ScrULz and GMELIN (1954), who found growth activity in hydro-
lysates of glucotropaeolin (glycoside of the benzylisothiocyanate), where they
demostrated the presence of phenylacetic acid.

Returning to the original purpose of our work, i.e. to the explanation of
Campbell’s finding of the presence of an inhibitor of growth and germination
in Brassica plants or their organs, we may suggest the hypothesis that the most
important source of the inhibitory effect in this laboratory experiment was
GLUBR, which is readily soluble in water. However, under field conditions,
where after cultivation and harvesting of Brassica plants parts of the plants
remain in the soil, the pattern of inhibitors will be more complex, and the
conditions for their influence more complicated (i.e. absorption in the soil,
inhibition of microbial degradation of remnants by bactericidal properties of
sulphur-containing substances etc.). In addition to the effect of GLUBR and
NEOGLUBR, the products of their degradation could influence the germin-
ation and growth of plants sown subsequently. The CNS ions probably also
have a certain effect, and maybe also less soluble isothiocyanates, such as
allylisothiocyanate (L¥BLovA, JIrACEK and KoSrik, 1960; LEBLOVA and
Ko§rik, 1962). It is almost certain that substances of polyphenolic character
also play a certain role (TURETsEAYA and KerELI, 1963). It is important to
note that GLUBR did not appreciably influence the growth of Savoy cabbage,
ie. a plant of Brassica genus which contains already GLUBR, but had an
influence on plants of other species — clover and wheat. This observation could
help in our understanding of some oecological factors in cultivation, and add
to the theoretical and practical importance of the GLUBR complex, a new type
of potential inhibitor of germination and growth.
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Byl studovén ve vods rozpustny inhibitor kli¢eni a rastu pfitomny v rostlinach rodu Brassica
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gen. Na zdklad® téchto vysledk byla vyslovena hypotéza, e GLUBR, indolovy komplex
z rostlin roda Brassica, Raphanus, Cochlearia, Nasturtium, Barbarea a Sisymbrium je pledstavi-
telem potencidlnich inhibitort klieni a rastu, jejichz udinek lze vysvétlit pasobenim vyso-
kych davek ristovych latek, které se uvolituji pti jejich specifickém enzymatickém rozkladu.
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Waygasicss B BoJe PacTBOPHMBIA WHIEOMTOP IIpOpacTaHWA M POCTA NPHCYTCTBYIOLMI
B pacreHUAX poja Brassica. BogHBe B8JUIIOATHI XPOMATOIPAMM METAHOJEBEIX JKCTDPAKTOR
JIACTHEB CABOMCKOM KAaTLyCTHI, JIMCTHEB M KODHEH OpIOCCENhCKO#H KamycTol MHrAbmpoBaiu
POCT NINEHUIE B ANANa30HE IOJIOMKCHISI Ha XPOMATOrPaMMax THOTIIOKO3MAA riaoKoOpaccu-
nuea (I'JIIOBP). Ycranosneno, aro I'JIIOBP m mpepnonaraeMsni IPOXYKT €ro SH3UMAaTH-
4eCKOTO PasiiolkeHnA -— 3-mAgoamaaneronuTpui (IIAH) B moBBIIEHHHRIX KOHIEHTPANHAX
cX0ogHBIM 00pasoM HMETHOMPYIOT pOCT IIICHHLB M KieBepa, Npeidiie BCCrO B OTHONICHMM
ropredt (MAH po xounmenrpanum 10-¢ M, I'JIIOBP no 10-® M), B nOHMKEeHHBX KOHIIEHTPA-
muax 00a BemecTBa NMOCTENEHHO POCT pacteHud cTumyaupyor. TJIIOBP B otamane ot MAH
HE OKa3HBaJl 3aMETHOI0 MeHCTBUs Ha POCT CaBOjicKOM KamycTol. [laypHefinime IPOMYHTH
pasnosxenys TJIIOBP, pojanzesole HOHE 7 acKopOHMreH, OKAa3bIBAIM MEHblIee BIHAHWE
Ha poct pacrenuii u ApyraM cnocoboy. I'JIIOBP n UAH B noBEIIEHHHX KOHOEHTPAIMAX
TOPMO3IIIN MPOpACTAENe IPesK/e BCeTo KileBepa. Buoxmvuaeckoe feiictsue NJIIOBP 3asucur
OT NPHCYTCTBEA SAPA HHAOIA B MOJIEKYJle; THOTIIORO3U I'MIIOKOMOepH, HEMHIOJICBOH NpH-
PONBI, BAMAHMA HA POCT HE OKa3biBaAeT. B MHTAKTHHIX NPOPOCTKAX NIICHHUIE 0OHADYKEHO
OPHCYTCTBHE MUPO3WHA3L, CJIEOBATENbHO, pacTenmAMn npumauMmaemuii I'JIIOBP pomxen
pacmemnsarses. OOmas akTHBHOCTh MUPOSHHASH y NIIEHWNEH X KiIesepa HWKe 10 CPaBHe~
HNMIO ¢ KANyCTOH, ofiHako, Moy BosHEKmero MAH npu pH, coorsercryiomeM npApPOTHBIM
YCJIOBHAM, Yy TIEHNOE ¥ KJeBepa BEIIE N0 CPABHEHWIO C CABOMCKOM KalycTOM, Yy KOTOPOH
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BO3HHKaJI NIPEIe BCEr0 B OTHOMICHUN POCTA MHAKTUBHEIA ackopOureH. Ha ocHOBAHWHA 3THX
Pe3yibTaToB BLICKA3aHO npefnoso;kerue, 4o IIIOBP, HHIOMHEG ROMIJIEKC M3 PACTCHEH
ponaos Brassica, Raphanus, Cochlearia, Nasturtivm, Barbarea 1 Sisybrium siBIIseTcH NpeACTaBATe-
J1eM HOTeHIUAIFHAIX HErAONTOPOB IPOPACTAHIA 1 POCTA, NeACTBHE KOTOPHX BOBMOMKHO 06%-
ACHUTH JIeﬁCTBI/[eM BBICOKHX JI03 POCTOBEIX BCHICCTB, KOTODPLIE ()CBOGOH{II&IOT(‘H IpHA UX Ccre-
IIH(bI/I‘leGKOM IH3UMATIYECKOM PacINCILICHUW.



