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Abstraet. Papaver somniferum plants grown in pots in the phase of forming the first pair of
leaves were treated by 6-4 ml of 0-029, solution of 3-amino-1,2,4-triazol (amitrol) per single pot,
which is equal to the dose of 2 mg of amitrol per 100 c¢m? soil area One, four, seven and ten days
after the application the effect of the herbicide on some physiological processes in the overground
organs of plants was investigated.

Amitrol decreased the activity of catalase by 609, compared with control plants 1 day after
the application, even though no external symptoms of damage were evident. On further action,
the activity of catalase was suppressed somewhat less. The respiration was not inhibited by
amitrol to such an extent as the activity of catalase. One day after the application the respiration
was not suppressed significantly, at further dates the respiration activity decreased. The diffe-
rence between the respiration of treated and control poppy plants was particularly evident
when the oxygen consumption was referred to a single plant. Under these experimental con-
ditions we failed to determine the activity of ascorbinoxidase and peroxidase. The acti-
vity of polyphenoloxidase was stimulated by amitrol from the fourth day after the treatment.

On the basis of these experiments we can say that poppy has not a physiologically based
resistance to amitrol.

Poppy is one of the few crops for which no selective herbicides are yet
available. Even though a series of different herbicides was investigated
mainly in France, none of them was found sufficiently selective for use in
wide practice. Certain selectivity under field experimental conditions was
demonstrated by amitrol applied pre-emergently (ScEmMITLIN, CoT, MALLET,
Dumay 1965) which was confirmed also in our logarithmic field experiments
(ZemANEK 1966, unpublished) in which the herbicide was tested in a series
of concentrations increasing geometrically.

For the evaluation of the actual selectivity of herbicides it is necessary
to carry out not only the visual evaluation of symptoms of damage of the
cultural plant or determination of yields, but also to investigate the effect
of the herbicides on important physiological processes in plants. These de-
terminations may reveal the unfavourable action of herbicides even when
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no external symptoms of damage are evident, as proved in the study of the
effect of pyrazon on sugar-beet and white mustard (ZEMANER, MYDLILOVA,
ByYLINSEA 1966). For this reason, we began to study the effect of ami-
trol on the physiological processes in poppy plants to determine whether
in this case the selectivity is actual or relative.

Material and Methods

For the experiments a preparation containing 50% of 3-amino-1,24-
-triazol (amitrol) was used. The poppy seeds (Papaver sommniferum L.)
cultivar Hanacky modry were sown in the soil in pots (upper diameter
9 cm) 0.5 cm deep. The soil used was from the garden in Ruzyné and had
the following characteristics: pH 6.5, humus content 2.1% content of par-
ticles >0.25 mm — 12.3%, <0.01 mm — 37.7%. The plants were grown
in a greenhouse (temperature 18—22° C) .The application of herbicide was
carried out at a time when the poppy plants started to form the first pair
of leaves (length 2—3 mm). The volume of 6.4 ml of 0.02% solution of
amitrol equal to the dose of 2 mg active substance per 100 ecm? (2 kg/ha)
was put in homogeneously by drops by a pipette on the surface of soil in
the pot. The pipetting was carried out carefully so that the poppy leaves
were not contaminated. The effect of the herbicide on the physiological
processes in poppy plants was investigated 1, 4, 7 and 10 days after the
application.

The respiration intensity was determined on Warburg’s respirometer. For
the experiments the overground organs of plants were taken i.e. cotyledon
leaves and the first pair of leaves with hypocotyl. Twenty plants were
usually placed in the respirometer vessel, 0.2 ml of 10% KOH was pipetted
to the central well and 0.5 ml of distilled water to the sidearm of the vessel.
Further procedure was the same as described before (ZEMANER, AMBROZOVA
1966). The respiration was always determined in parallel on 4 manometers
with treated plants and on 4 manometers with untreated plants and was
expressed by metabolic quotient Qo,, i.e. by the amount of oxygen con-
sumed in pl per 1 mg of dry weight per 1 hour. In addition, the average
consumption of oxygen by a single plant per 1 hour was calculated. The
significance of the difference between treated and control plants was proved
by t-test. Moreover, the respiration of plants treated by amitrol was ex-
pressed in percentage of the control and was plotted graphically.

The activity of catalase was determined by the gasometric method (Vo-
ki8rk, SEBANER 1963). The overground parts of plants (0.5 g of fresh weight)
were crushed in a mortar with 0.25 g of CaCO,. Then 10 ml of distilled
water was gradually added and the mixture was placed in a flask into which
a small vessel containing 2 ml of 3% H,0, was inserted and the flask was
connected to a catalagsemeter, The amount of formed oxygen was read during
continual agitation of the flask at one minute intervals for 5 minutes. The
activity was determined alternately in control plants and in plants treated
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with amitrol. Each experiment was repeated four times. The results are ex-
pressed by the amount of oxygen formed by 0.5 g of fresh plants in 5 minutes
or referred to a single plant. Relative values were expressed graphically.

The activity of ascorbinoxidase, polyphenoloxidase and peroxidase was
determined by the method of PovorLockavya and SEpENKO (1955). These
enzymes oxygenate ascorbic acid in the presence of pyrocatechine and at
optimal pH (5; 7.5). The amount of the unoxygenated ascorbic acid was
determined with 2,6-dichlorophenolindophenol. The activity of enzymes is
thus expressed in mg of 2,6-dichlorophenolindophenol necessary for the
titration of enzyme extract prepared from 1 g of fresh weight of plants.

Results

The results of the experiments are presented in Tables 1 and 2 and re-
lative values expressed in per cent of catalase activity and respiration of
control plants are shown in Fig. 1. The symptoms of damage to poppy
plants by amitrol were apparent as a slight yellowing of the leaves 4 days
after the application. Clear symptoms (chlorose of leaves and retarded
growth of the plants) were visible in some cases after 7 days but mainly after
10 days when several plants died.

Amitrol affected the catalase activity 1 day after the application. The
activity was lowered by 60% compared with the control plants, even though
no external symptoms of damage were evident. The catalase activity was

Table 1
Effect of amitrol on catalase activity in poppy plants
Number of ml O, per 0.5 g per 5 min. ml O, per 1 plant per 5 min.
days after
application control amitrol t-value control amitrol
1 24-8 9-8 57-9 0-82 0.30
4 25-3 12-9 199 0-92 0-45
7 24-7 11-6 4-86 1-41 0-60
10 22-1 16-1 4-17 1-47 0-69

Table t-value is 2.45 at P = 0.05 and 3.71 at P = 0.01

affected also at further dates of determination, with the tendency (when
evaluating the enzyme activity according to fresh weight) that the sup-
pression of activity was not so pronounced compared with control plants
mainly 10 days after the application, though in this interval the difference
between the activity of treated and untreated plants was also highly signi-
ficant. This is perhaps due to the fact that after 10 days some plants died,
so that the plants selected for the measurement were more resistant to the
action of the herbicide.
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Table 2
Effect of amitrol on the respiration of poppy plants
Number of | pl O, per 1 mg dry weight per 1 hour pl O, per 1 plant per 1 hour
days after
application control amitrol t-value control amitrol t-value
1 3-36 3-13 1-54 2-97 3-03 0-45
4 2-74 2-41 15-73 350 2-90 2-42
7 2-80 245 7-03 510 3-80 7-84
10 3-38 2-80 318 8-20 415 6-80

The course of respiration was somewhat different. On the whole, we can
say that the respiration was not suppressed by amitrol to such an extent
as the catalase activity. One day after the application, the respiration was
not evidently suppressed but decreased gradually on the further action of
the herbicide. The difference between the respiration of treated and un-
treated plants was especially perceptible when the oxygen consumption was
referred to a single plant. In this case the suppression of the growth of
plants by amitrol exerted influence upon the respiration rate.

Under these experimental conditions we failed to determine the activity
of ascorbinoxidase and peroxidase with the applied method. The activity
determined was either very low or none. We determined only the activity
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Fig. 1. Respiration and catalase activity of poppy plants (in per cent of activity of control
plants) 1 day, 4, 7, 10 days after the application of amitrol
o @ catalase activity (per fresh weight of plants)
QO———Q catalase activity (per single plant)
n B regpiration (per dry weight of plants)
[J-————11] respiration (per single plant)
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of polyphenoloxidase; its relative values for the plants treated by amitrol
compared with control plants were: after 1 day 94%, after ¢ days 142%,
after 7 days 184%, after 10 days 156%. The activity of polyphenoloxidase
was thus stimulated by amitrol.

Discussion

In these experiments we proved that amitrol applied to the roots of
poppy plants affects the physiological processes in the overground organs
of these plants. The activity of catalase was especially very strongly de-
creased in the first day after the application of the herbicide (almost by
60%), on further action (4, 7, 10 days) the inhibition decreased. This result
is in keeping with the results of MagovcovA (1965) with white mustard
showing that the unfavourable effect of amitrol on the plant gradually
decreases. The respiration of poppy plants was reduced by amitrol much
less than the activity of catalase, viz. in the range of 7—17%, which agrees
also with MaxovcovA’s data (1965); however, we found continued sup-
pression of the respiration of poppy plants while she had found a stimula-
tion of the respiration 5—6 days after the application. These differences
may be due to different kinds of plant tested (white mustard), to the applica-
tion of amitrol in the earlier stage of development (initial stage of germin-
ation) and to the different procedure in growing the plants. The activity of
polyphenoloxidase was stimulated by amitrol, which is very similar to the
stimulation of the activity of peroxidase found in white mustard as a result
of the action of amitrol (MakovcovA 1965) or pyrazone (ZEMANEK, AMBRO-
ZovA 1967).

From the results presented we may conclude that poppy is not physio-
logically resistant to amitrol. The resistance is only relative, so that under
unfavourable external conditions (light soil, washing of the herbicide with
rain water to the seed of poppy ete.) the culture may in field conditions be
damaged by amitrol.

References

Maxgovcov4, O.: Studium mechanismu prisobeni 3-amino-1,2,4-triazolu na Stnapis alba. (Study
of mechanism of 3-amino-1,2,4-triazol action on Sinapis alba.) — Thesis. Inst. Exp. Bot.
Czechosl. Acad. Sci. Praha 1965.

ScrMITTLIN, B., COT, 8., MALLET, C., DUMAY, R.: Nouvelles recherches sur le desherbage chimique
de loeillette. — Compte rendu des journées d’études sur les herbicides. — 3¢ Conference du
Columa, 1 : 591599, 1965.

VoitSex, V., SEBANEEK, J.: Praktikum z rostlinné fyziologie pro zem&dslské fakulty. [Practice
in plant physiology for faculties of agriculture]. — Praha 1963.

ZEMANEK, J., MypLirtovi, E., Byrinsk4, M.: Der Einfluss von Pyrazon auf die Katalase-Akti-
vitit in der Blittern der Senfpflanze (Sinapis alba L.) und der Zuckerriibe. — Biol. Plant.
8:122-126, 1966.



EFFECT OF AMITROL 275

ZrvANEK, J., AMBROZ0VA, J.: Der Einfluss von Pyrazon auf die Respiration von Senf- (Sinapis
alba L.) und Zuckerriibenpflanzen. — Biol. Plant. 8 : 246—251, 1966.

ZEMANEK, J., AMBROZOVA, J.: Vliv pyrazonu na aktivitu nékterych enzymi a na obsah uhlo-
hydrath a bilkovin v rostlindch hoféice bilé a cukrovky. [The effect of pyrazon on the activity
of some enzymes and on the carbohydrate and protein content in plants of white mustard
and sugar-beet.] — V&decké price UVURYV Praha-Ruzyns (in press).

Tlosonomkan, K. JI., Cenenro, JI. M.: MeToX CORMECTHOro ONpe/eSieHHS AKTHBHOCTH
acKopOnHOKen Ia3H, NoNu(eHONIOKCHIABH 1 NePOKCcHAAsLH. — Broxmmma 20 (1) : 88—93,
1955. [PovoLockAva, K. L., SEDENKO, D. M.: The method of simultaneous determination
of the activity of ascorbinoxidase, polyphenoloxidase and peroxidase.]

Jiki ZEMANEK, JANA AMBROZ0VA, Ust¥edni vyzkumny éstav rostlinné vyroby, Praha: Studium
vliva amitrolu na respiraci a aktivitu nékterych enzymii v rostlinich méku setého (Papaver som-
niferum L.) — Biol. Plant. 9 : 270—275, 1967.

¥

Rostliny mdku setého p&stované v kofenddich byly oletfeny ve fézi prvého paru pravych
listti pomoci pipety mnoZstvim 6,4 ml 0,029, 3-amino-1,2,4-aminotriazolu (amitrolu) na 1 ko-
fendg, coZ odpovidé dévce 2 mg amitrolu na 100 cm?. Za 1 den, za 4, 7 a 10 dni po aplikaci byl
stanovovéan vliv herbicidu na n&které fyziologické pochody v nadzemnich &4stech rostlin.

Amitrol sni#il aktivitu kataldzy o 60 9, ve srovnéni s neoSetfenymi rostlinami jiZ za jeden
den po aplikaci, ptestoZe v této dob& nebyly patrny je§té vabec 24dné vnéj#i symptomy pogko-
zeni. V dalsich terminech hodnoceni byla aktivita kataldzy potla¢ovéna o néco méns. Respirace
nebyla inhibovéina amitrolem v takovém mé&titku jako aktivita kataldzy. Za jeden den po aplikaci
respirace pritkazné potladena nebyla, teprve v dalSich terminech méFeni se respiraéni éinnost
sniZovala. Rozdfl mezi respiraci ofetfenych a neo¥etfenych rostlin méku byl zvldsté patrny pii
plepottu spotieby kysliku na jednu rostlinu. Aktivitu askorbinoxiddzy & peroxiddzy se nepodatilo
za danych pokusnych podminek zjistit. Aktivita polyfenoloxiddzy byla amitrolem stimulovédna
poéinaje étvrtym dnem po ofetfeni rostlin.

Na zédklad$ t&chto pokust lze usuzovat, e mék sety nemd fyziologicky podmingnou odolnost
vaci amitrolu.

7. 3emanexk, fI. AMsPomoBA, IleHTpATLHEL HHCTHTYT pacTenmeBoictsa, Ilpara: Msyuenne
BINAHBA AMUTPONA HA [IBIXaHWe M AKTHBHOCTh HEKOTOPHIX (PePMEHTOB Y pacTeHmit Maka
(Papaver somniferum L.). — Biol. Plant. 9 : 270-—275, 1967.

Pacrenusa Maka, BHpammBaemble B ropwkax, Onmm B (ase mepBoil mapsl JmcTheB
obpaborannt npn momomm numerxw 6,4 mm 0,02%-moro pacreopa 3-ammmo-1,2,4-aMunO-
TpHasosa (aMUTPOsIa) B pacuere Ha 1 rOpIHIOK, 9T0 COOTBETCTBYET J03e 2 MI aMUTPOTa
na 100 cM® nosepxHOCcTH. OnpefensAiiock BAMAHME repOumuma Ha HEKOTOPbIe (U3MOIOTHAUE-
CKUEe Tponecchl B HaJ3eMHHIX dacTAX pacteHudA depe3 1, 4, 7 u 10 mmedt mocie obpaborkm.

AMATPONT MOHWBHIT aKTHBHOCTh KarTajasu Ha 60% yice gepes 1 nems mocie obpaborxm,
XOTA B BTO BpeMs HAKAKHe CHMITOMBI IOBPEKEHNA eme He IPOSBHIMCh. B mocseayomue
JIHV AKTHBHOCTL KaTajashl Obuia TOJaBjieHAa HecKOIbKO ciabee. [lpxamwe NONABIANOCH
aMATPOJIOM B MeHbIllel Mepe, I JIWIIL NPH onpefesiennn B fosee no3aame cpord. Pasnmmuns
B noTpebnenun kucaopona pacrennamu, obpaborananmu w He o6paGoTapHpMy TepOmmmIOM,
OKasannch ocoOeHHO BHIpABUTENBHEIMH NP Tepecuete NoTpellieHMA KWcOpoa Ha OJHO
pacrenne. PagHHIly B aKTABHOCTH acKOPOMHOKCHIA3H! M IEPOKCHABE] 1P JAHHBIX YCIIOBHAX
ONBITA OLPENeNIUTh HE YAAJOCh. AKTHBHOCTE NOMMQEHOJOKCHAABH CTUMYJIIPOBAACh
aMATPOJIOM, Ha4MHAA ¢ 4-r0 mHs mocde obpaborwm.

Ha ocHoBaHMA ONLITOB MOJKHO CHEJ/IATH BAKIIOUEHHE, 9TO MAaK HE SBJAeTCA (MBHONOTH-
9eCKM YCTOHYABHM IO OTHONICHWIO K aMATPOILY.



