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Abstract. The paper deals with the effoct of the application of certain iomns (Zn?*, B,O.2,
Mn2+, Cu?t, MoO,2~, Co?t) on the development of the activity displayed by amylase, urease,
and glutamate-oxalacetate (GOT) in hydroponically cultivated barley during the first seven
days of ontogenesis. The enzymes were studied separately in the overground and root parts
of the plants. The following main conclusions can be drawn from the findings made:

1) The amylase activity of the control plants in connection with their development diminished
slightly in the overground part, while it was relatively constant in the roots. Due to the effect
of certain elements tested, this activity increased pronouncedly (significant differences were
confirmed in variants containing MoO,2~, Zn?*, and Co?*).

2) The urease level in the overground part of the control plants remained low throughout
the entire experimental period and was only little influenced by the individual microelements
under study (with the exception of B,0,27). On the other hand, the urease activity in the root
system increased markedly, the B,0.*” ions exhibiting a significantly stimulating effect.

3) The activity of glutamate-oxalacetate transaminase (GOT; in the overground part of the
control plants increased only slightly in the course of the initial development, while in the root
system it grew relatively more pronouncedly. In the overground part of the plants all the micro-
elements administered displayed a significantly depressive effect on the development of this
enzyme activity; in the roots, the inhibitory action was maintained only in the last experimental
period in variants with Zn?t ions.

The stimulating activity of microelements results primarily from their
ability to form structural or functional components of enzymes. Seen from
this aspect, it is bivalent cations that are significant. These cations fulfil
the function of a free bond between enzyme and protein and are able to in-
teract and fulfil biochemically identical functions (PEYVE, 1960).

SHKOLNIK (1958) reports that manganese, zinc, molybdenum, and copper
activate oxireduction enzymes in plants. Zinc in cotton plants, in addition
to polyphenoloxidase and peroxidase, increases the activity of lipase, protease,
and invertase (KusTtova, 1964). The effect of copper on the action of protease,
amylase, lipase, peroxidase and on the content of proteins, sugars, and fats
was studied by Oxu~Ncov and RONZHINA (SHROLNIK, 1959). AGARWALA,
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SuarMA and Kumar (1964) followed the effect of combined doses of man-
ganese and copper on the activity of enzymes of the Fe-protein type in
barley plants, RATNER and AKIMOCZKINA (1964) studied the interaction of
the effect produced by molybdenum and certain hydrophilous vitamins on
the activity of nitrate reductase in soya beans, etc.

Other studies concerned the influence of ions on the activity of urease
and glutamate-oxalacetate transaminase (GOT). SumnER (1951),f or in-
stance, reported that urease was inactivated by Cu?+, while DoBy, 1965,
demonstrated that Co?+ was also responsible for this action. GOT wasr epor-
ted to be activated by iron compounds (SANWAL, ZINK and Din, 1964).

Besides the changes in the systems of these enzymes, the action of micro-
elements manifests itself also in other connections, e.g. by an increase of
germinating energy, photosynthesis, respiratory intensity, elevated syn-
thesis of chlorophyll, carotene and vitamins, improved glycide exchange
and also by action on the synthesis of amino acids and proteins through
intensive nitrogen assimilation (DoBROLUBSKY 1958; PEYVE 1960; BERzZIN
1961).

The wide importance of microelements for plants, which is but relatively
little elucidated as regards their action on the activity of amylase, urease,
and GOT transaminase, i.e. enzymes linked with nitrogen-glycide meta-
bolism of plants, is evident. The present paper represents a contribution
to existing data.

Material and Methods

The experiments were performed on a hydroponically cultivated barley
(Hordeum sativum L.) cv. Slovensky Dunajsky trh. During cultivation the
procedure suggested by the Institute of Microbiology, Czechoslovak Academy
of Sciences, Treboni (UVTI, 1963) after previous administration of micro-
elements was applied. The control seeds (120 g) were steeped only in distilled
water, the experimental seeds in solutions of MnSO, (0-0259%,), Na,B,0,
(0-025%,), ZnSO, (0-05%,), (NH,),MoO, (0-019%,), CuSO, (0-025%,) and CoSO,
(0-059,), i.e. in concentrations recommended by Abutalybov et al. (1964)
for stimulating protein synthesis in wheat and cotton. All variants were
steeped for a period of twenty hours. During 4-day germination in the dark,
the seeds were moistened with an automatic sprinkler twice a day as needed.
The germinated grains were illuminated for seven days running with fluores-
cent tubes and lamps (6.000 ergs. em~2. sec~1) at 24 to 26° C and 70 to 80 per-
cent relative humidity. The roots of the plants were irrigated every day for
one hour with Knop’s nutrient solution devoid of microelements. For the
control plants, a complete Knop’s solution containing microelements was
used.

After the first, fourth and seventh day of illumination, samples were taken
for analyses from 400 plants, whose overground and root parts were treated
separately. During the entire experimental period the growth was fresh,
deep green, and had reached a mean height of 15 cm when the last sample
was taken. The extracts for estimation of the enzymatic activity were obtain-
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ed by triturating the plant material with fine silica sand and adding a buffer
solution. Thus we tried to eliminate the possible influence of heat when using
another method of homogenization.

The activity of the enzymes studied was determined by the photometric
technique. Amylase activity was estimated according to the method of
Hokrsst et al. (1964); its units correspond to the amount of enzyme which
under the conditions of the method hydrolyzes 10 mg out of the 60 mg of
starch added. The resultant values are presented, converted to 1 g of dry
matter.

Transaminase activity was established according to REITMaN and Frax-
REL (1957) and is expressed in pmol of pyruvate per hour per 1 g dry matter
at 37°C.

Urease activity was determined according to Horrman~ (1962), its units
corresponding to mg of ammonia nitrogen split off from the substrate (urea)
and also converted to the unit of dry matter (1 g).

The results obtained were treated by variation-statistical methods.

Results

The experimental values obtained by analysis of succesive samples
of material from the overground and root parts of the hydroponically cultivat
ed barley variants were graphically treated and the significance of the
effect produced by the individual microelements was defined by the method
of variance analysis (Table 1).

The dynamics of the changes in amylase activity in the course of the
experimental stages (Fig. 1) in comparison with the controls, shows a stimulat-
ing effect of the bulk of the tested microelements in the concentrations used,
yet significantly higher values were recorded in the overground part only
when MoO?- was applied after the fourth and the seventh day of illumina-
tion. In the roots, significant changes appeared, on the one hand, in the initial
growth phase of the variants with Co?+; on the other hand, after the fourth
and the seventh day of illumination in the variants containing Zn2+ (Table 1).

The inhibitive effect of the Cu?+ concentration in the roots, conspicuous
especially after seven days of illumination, was statistically insignificant.

If we summarize the influence of the individually tested microelements
on amylase activity, we can see that the most pronounced stimulative
effects, confirmed by the significant differences in the overground part with
MoO;-, in the roots with Zn2+ and Co%+, occur, for the most part, in the
period between the fourth and the seventh day of illumination, i.e. not until
a certain more advanced development stage of the plants is reached.

The mean activity of urease in the overground and root parts is illustrated
in Fig. 2 according to the tested variants and experimental periods. While
in the overground part no changes in the level of this enzyme appeared as
significant after the application of the tested microelements (with the ex-
ception of B,0%- after the first and the seventh day of illumination —
Table 1), a sharp increase occurred in the roots from the first to the seventh
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day, particularly evident in the control plants. The variants with Co*,
MoO?%-, and Cu?+ ions displayed in the root system a diminished mean
activity of the studied enzyme.

Also the Zn2+ and Mn?+ ions exhibited a similar effect. In all these cases
the influence was not statistically significant.
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Fig. 1. Amylase activity in hydroponically cultivated barley plants (Hordeum sativum); 1, 4,
7 — days of illumination; co — control, A — Zn**, B — B;0,2~, C — Mn?*, D — Cu®",
E — Mo0,*-, F — Co?*
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Weighty changes in urease activity were also caused by the application
of B,0:-. Of all the microelements, only boron (despite the decrease in the
urease level on the seventh day of illumination) in the given concentration
exhibited a significant stimulative effect in the root system in the course
of the entire experimental period (Table 1). If we also take into consideration
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the identical action of this microelement in the overground part, we can
regard the influence of B,0;~ on urease activity as most significant.

The last enzyme to be studied was glutamate-oxalacetate (GOT) trans-
aminase, the behaviour of which in the individual parts of the experimental
plants is presented in mean values in Fig. 3. The changes in GOT activity
in the overground parts of the control plants are relatively low during the
first to the seventh day. In all variants with microelements, transaminase
activity was lower than in the controls. It goes without saying that there
exist differences in the degree of quantitative influence on the GOT level
according to the individual microelements tested, but their effect is, for the
most part, significantly repressive. An exception is the application of MoO; -
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Fig. 2. Urease activity in hydroponically cultivated barley plants (Hordeum sativum): 1, 4,
7 — days of illumination; co — control, A — Zn?*, B — B,02-, C — Mn?,
D — Cu**, E — MoO,? , F — Co?t,
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for the first and the fourth day of illumination, when the recorded diminution
lies within the limits of experimental error; therefore the values found in
the individual cases can be considered identical with the activities displayed
by the control plants.

Transaminase activity in the roots exhibits the same tendency of change
as urease. The level of this enzyme rises here with a delay in the time of
growth, the highest values being registered again in the control plants after
seven days of illumination. The values of the activity of this enzyme upon
the application of MoO?~ and Co?+ after the first day of illumination, even
though they are rather higher as comppared with the controls, show no
significant difference. The only significant influence (diminution) was con-
firmed in the Zn?>+ — treated variants after seven days of illumination.
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Fig. 3. Glutamate-oxalacetate transaminase activity in hydroponically cultivated barley plants
(Hordeum sativum); 1, 4, 7 — days of illumination; co — control, A — Zn%**, B —
B,0.2~, C — Mn®*+, D — Cu?*, E — MoO2~, F — Co?*+
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Table la

Significance of influence of microelements on the activity of enzymes in the overground part
of barley (Hordeum sativum) defined by variance analysis

Amylase ' Urease GOT

Micro- —
elements Day of illumination
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Table 1b

Significance of influence of microelements on the activity of enzymes in the roots of barley
(Hordeum sativum) defined by variance analysis

? Amylase | Urease I GOT

i Micro- - ——

j elements Day of illunmination

| T4 7 |1 4 1 |1 47

I

| Zn?* -+ o+ ; . +

| B0z — — — L + + — — _

" Mn2t+ — — — — — - — — —
Cu?+ ! - — — — — — — — —

! MoO,2> Po— - - - - -

‘ o2+ + _ - . _ — , — — -
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The conclusions can still be supplemented by an analysis of the coinci-
dence of the tendencies mentioned with the findings of the authors cited
in the introductory part of this paper. As Sum~yER (1951) demonstrated,
the depressive effect of Cu?+ ions on the intensity of urease activity mani-
fested itself in the experiments markedly only in the roots. The same effect
is attributed, besides Cu?+ ions, by DoBY (1965) to Co?+ ions as well. It was
found that in our case the effect of this microelement manifested itself re-
pressively again only in the roots. In the overground parts of the experimen-
tal plants, urease activity after the application of the ions mentioned in the
more advanced development stage was even higher than in the controls.

On the basis of the results achieved it would be possible to widen, for
example, the conclusions arrived at by Kustova (1964) about the stimulating
effect of zinc on the activity of certain enzymes and about the demonstrated
effect of this element on stimulating the activity of amylase and/or to draw
further analogies, etc. On the whole it can still be added that our conclusions
are typical, above all, for the chosen experimental conditions, i.e. for the
hydroponic method of cultivation with a given concentration of the tested
microelements and for a given development stage of the plants under study.
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V préci je sledovan uéinek aplikace nékterych iontt (Zn?*t, B,0.2~, Mn?+, Cu®+, Mo0,*",
Co?*t) na rozvoj aktivity enzymu amyldzy, uredzy a transmindzy glutamétu-oxalacetatu (GOT)
u hydroponicky péstovaného jeémene po dobu prvnich sedmi dni ontogeneze.
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Studované enzymy byly sledovény samostatné v nadzemni a v kofenové &ésti rostlin. Z do-
saZenych poznatkl lze zdaraznit tyto hlavni zavéry:

1. Aktivita amylazy kontrolnich rostlin v souvislosti s jejich vyvojem se v nadzemni éasti
mirné sniZovala, v kofenech byla pom&rné stéla. Uéinkem nékterych zkoulenych ionta se jeji
aktivita velmi pronikavé zvySovala (prikazné rozdily byly potvrzeny u variant s MoOg~,
Zn?t a Co?t).

2. Hladina uredzy v nadzemni ¢4sti kontrolnich rostlin se udrzovala po celé pokusné obdobi
na nizké drovni a byla jednotlivymi testovanymi ionty (s vyjimkou B,0,*7) pouze maélo
ovlivnéna.

Naproti tomu v kofenovém systému se aktivita uredzy postupné silng zvy3ovala, pfitemiz
i zde ionty B,0,*” vykazovaly prikazny stimulaéni efekt.

3. Aktivita transamindzy kyseliny L-glutamové-oxaloctové (GOT) se v prab&hu poéateéniho
vyvoje v nadzemni ¢dsti kontrolnich rostlin zy$ovala pouze mirng, v kofenovém systému viak
jejl aktivita vzréstala relativné mnohem pronikavaji. Udinek viech zkoufenych mikroelementit
v nadzemni ¢4sti rostlin se projevil prikazné depresivnd na rozvoj aktivity tohoto enzymu;
v kofenech inhibi¢ni pasobeni zistalo zachovano pouze v poslednim pokusném obdobi u variant
8 ionty Zn%*t,

. Iapex, Hpxuna HMakosa, Radenapa Gmoxumun arponoMmeckoro paxyiprera Bricimeit
CelIbCKOX03AHcTBenHON mKOs, Bpro: Bo3speiicTBue pa3HbIX MUKPO2/IEMEHTOB HA H3MEHEHHE
AKTHBHOCTH HEKOTOPbIX JH3MMOB Y AUMEHsA, BHIPAINUBACMOTO ¢ NPAMEHEHWeM TUuAPOIOHMH,
Ha nepsoii ase ero poera. — Biol. Plant. 9 : 383—391, 1967.

IIpmBofATCcA DPe3yNBTATHL MCCHACNOBAHMI BO3XEHCTBHS TPUMEHEHNA HEKOTOPHIX HOHOB
(Zn*+, B,0,*-, Mn?+, Cu?*+, MoO,2-, Co?+) Ha pas3BUTHE AKTUBHOCTH SH3WMOB AMHJIASKL,
ypeassl ¥ TpaHCAaMHHA3Hl TIiyramarta-okcananerata (GOT) y sAuMeHda, BHPAIIHEBAEMOIO
¢ NpEMeHeHWeM TMIDONOHAN B TedeHHe MepBHIX ceMu XHeH ero oHroreHesda. M3yuaemue
SH3UMBI OBLIN MCCIeTOBAHE OTEIBHO B HAJ3eMHOM YacTH PacTeNHA W B KOpHAX. Ha ocHo-
BaHHA NOJYYeHHHIX Pe3y/bTaTOB MOMKHO C/IeJIATH CNELYIONmne BLIBOJIGI:

1) AKTHBHOCTH aMHJIa3hl y KONTDPOJBHEIX pacTeHnuil, B XOH€ WX DPasBETHA HECKOILKO
NOHMKANACH B HAN3eMHOM YacTH PACTeHHsH, B TO BPeMs KaK B KOPHAX OHA OCTaBaJach OT-
HOCHTEJIBHO TOCTOARHOU. BospeficTBye IleKoTOPLIX MOHOB NOBBIHAJIO AKTMBHOCTH AMMIIA3HL.
3HauuMEe pasnuans Ha#gensl mia MoO2-, Zn2+, Co2+,

2) Ypeasa y KOHTPOJBHEIX PacTeHHH B HAN3CMHOE 9aCTH HAXOAWIACH B TEYeHHe BCEro
ONBITA HA HASKOM yPOBHE U OTHEJIbHEIC MAKpPOajeMeHTH (Kpome B,0,%-) mourn me okazann
HUKAKOTO JNEHCTBUA, B KOPHEeROM ke cmcreMe, Ha000POT, aKTHBHOCTH Ypeashl OCTENEHHO
CHIIBHO YBeJIW4MBasach, NpHYeM W 3fech moHLI B,0,*~ mMmenm cruMymanmondnii sdderr.

3) AKTHBHOCTH TpaHCAMHHA3K KMCIOTH L-riyramosoi-orcanykeycroit (GOT) B paummx
9TANlaX PA3SBHATUA PACTEHHU IOBLINIAIIACH B HalIBeMHOﬁ HacT KOHTPOJIBHEIX paCTOHHﬁ JUHIb
YMEPEHHO, B KODHAX 3TO IOBLIUIeHMe ORITO Topasmo Gollee peswmM. Bee MuKpossieMeRTH
feicTBOBaIM B Ha/l3eMHO# gacTu NMOfaBiIAo0me. B KOpuAX nArMOANIUA AMeNa MecTO TOILKO
B KOHIC Pa3BHTUA Y BapPHAHTOB ¢ Zn2+.



