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Abstract. Papaver somni/erum plants grown in pots in the phase of forming the first pair of 
leaves were treated by 6.4 ml of 0'02~o solution of 3-amino-l,2,4-triazol (amitrol) per single pot, 
which is equal to the dose of 2 mg of amitrol per 100 cm ~ 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 oatalase by 60~o 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 sigaificantly, 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- 
vi ty 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. 

P o p p y  is o n e  o f  t h e  f e w  c r o p s  fo r  w h i c h  n o  s e l e c t i v e  h e r b i c i d e s  a r e  y e t  
a v a i l a b l e .  E v e n  t h o u g h  a s e r i e s  o f  d i f f e r e n t  h e r b i c i d e s  w a s  i n v e s t i g a t e d  
m a i n l y  in  F r a n c e ,  n o n e  o f  t h e m  w a s  f o u n d  s u f f i c i e n t l y  s e l e c t i v e  fo r  use  i n  
w i d e  p r a c t i c e .  C e r t a i n  s e l e c t i v i t y  u n d e r  f i e ld  e x p e r i m e n t a l  c o n d i t i o n s  w a s  
d e m o n s t r a t e d  b y  a m i t r o l  a p p l i e d  p r e - e m e r g e n t l y  (Sc~MITLI~ ,  COT, MALLET, 
DV•AY 1965) w h i c h  w a s  c o n f i r m e d  a l so  i n  o u r  l o g a r i t h m i c  f ie ld  e x p e r i m e n t s  
(ZEMX~EK 1966, u n p u b l i s h e d )  i n  w h i c h  t h e  h e r b i c i d e  w a s  t e s t e d  in  a s e r i e s  
o f  c o n c e n t r a t i o n s  i n c r e a s i n g  g e o m e t r i c a l l y .  

F o r  t h e  e v a l u a t i o n  o f  t h e  a c t u a l  s e l e c t i v i t y  o f  h e r b i c i d e s  i t  is  n e c e s s a r y  
t o  c a r r y  o u t  n o t  o n l y  t h e  v i s u a l  e v a l u a t i o n  o f  s y m p t o m s  o f  d a m a g e  o f  t h e  
c u l t u r a l  p l a n t  o r  d e t e r m i n a t i o n  o f  y i e l d s ,  b u t  a l so  t o  i n v e s t i g a t e  t h e  ef fec t  
o f  t h e  h e r b i c i d e s  o n  i m p o r t a n t  p h y s i o l o g i c a l  p r o c e s s e s  i n  p l a n t s .  T h e s e  d e -  
t e r m i n a t i o n s  m a y  r e v e a l  t h e  u n f a v o u r a b l e  a c t i o n  o f  h e r b i c i d e s  e v e n  w h e n  
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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 (ZEMXN~.K, MYDLILOV.~., 
BYLINSKX 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-l,2,4- 
-triazol (amitrol) was used. The poppy seeds (Papaver somni/erum L.) 
cultivar Han~ck~ modr:~ were sown in the soil in pots (upper diameter 
9 cm) 0.5 cm deep. The soil used was from the garden in Ruzyn~ and had 
the following characteristics: pH 6.5, humus content 2.1% content of par- 
ticles >0.25 m m - -  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 ram). The volume of 6.4 ml of 0.02% solution of 
amitrol equal to the dose of 2 mg active substance per 100 cm 2 (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 (ZEMXN~K, A~RO~OVX 
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 Q0~, i.e. by the amount of oxygen con- 
sumed in t~l 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, l~Ioreover, 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- 
K~w ~EBXNEK 1963). The overground parts of plants (0.5 g of fresh weight) 
were crushed in a mortar with 0.25 g of CaCO 3. 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% H202 was inserted and the flask was 
connected to a eatalasemeter. 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 POVOLOCKAYA and SED~KO (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 

Tab le  1 

Ef fec t  of  arai t rol  on  ea ta lase  a c t i v i t y  in p o p p y  p l a n t s  

N u m b e r  o f  m l  0 2 per  0.5 g pe r  5 rain.  m l  O 3 per  1 p l a n t  per  5 rain.  
d a y s  a f te r  

app l i ca t i on  con t ro l  a m i t r o l  t - v a l u e  

1 
4 
7 

1O 

24"8 
25'3 
24'7 
22"1 

9"8 
12"9 
11"6 
16"1 

57"9 
19'9 
4"86 
4 '17 

con t ro l  aml t ro l  

0"82 0.30 
0.92 0.45 
1-41 0.60 
1.47 0.69 

Tab l e  t - v a l u e  is 2.45 a t  P = 0.05 a n d  3.71 a t  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 

273 

Number of ~10 z per 1 mg dry weight per 1 hour ~1 02 per 1 plant  per 1 hour 
days after 

application control amitrol t-value t-value 

1 
4 
7 

10 

3-36 
2.74 
2.80 
3-38 

3.13 
2.41 
2.45 
2.80 

1.54 
15.73 

7.03 
3.18 

control amitrol 

2.97 3'03 
3'50 2.90 
5.10 3.80 
8.20 4.15 

0'45 
2"42 
7"84 
6'80 

The course of respiration was somewhat different. On the whole, we can 
say tha t  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 fur ther  action of 
the herbicide. The difference between the respiration of t reated and un- 
t reated 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 act ivi ty 
determined was either very low or none. We determined only the activity 

% 
100 

75 

50 

25 

DAYS 
Fig. 1. Respiration and eatalase activity of poppy plants (in per cent of activity of control 

plants) 1 day, 4, 7, 10 days after the application of amitrol 
�9 �9 oatalase activity (per fresh weight of plants) 
(D (D catalase activity (per single plant) 
�9 �9 respiration (per dry weight of plants) 
[] [] 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 4 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 eatalase 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 MAKOVCOVX (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 MAKOVCOVX'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 (MAKoVCOV.& 1965) or pyrazone (Z~MXzq~K, A~m~o- 
govX 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 etc.) the culture may in field conditions be 
damaged by amitrol. 
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l~ostliny mAku set6ho p~stovan6 v ko}enASich byly ow ve fAzi prv6ho pAru prav:~'ch 
listfi pomoci pipety mno~!stvim 6,4 ml 0,02% 3-amino-l,2,4-aminotriazolu (amitrolu) na  1 ko- 
~enAS, eo~ odpovids dAvee 2 mg amitrolu na 100 em z. Za 1 den, za 4, 7 a 10 dni po aplikaei byl 
stanovovs vliv herbieidu na n~kter6 fyziologick6 pochody v nadzemnieh 6~stech rostlin. 

Amitrol sni~il aktivitu katalAzy o 60 % ve srovns s neow rostlinami ji~ za jeden 
den po aplikaci, p~esto~e v t6to dob~ nebyly pa t rny  je~t~ vSbec ~Adn~ vn~j~i symptomy pow 
zeni. V dalw termlnech hodnoceni byla aktivita katalhzy potlaSovAna o n~co m6n~. Respirace 
nebyla inhibovAna amitrolem v takov~m m~i tku  j ako aktivita katalAzy. Za jeden den po aplikaci 
respirace prflkazn6 potlaSena nebyla, teprve v dal~ich terminech ra~eni  se respira~ni 5innost 
sni~ovala, l~ozdil mezi respiraci o~et~en~Tch a neow rostlin mAku byl zvlA~t6 patrn~- p~i 
p~epoStu spot~eby kysliku na jednu rostlinu. Aktivitu askorbinoxidAzy a peroxidAzy se nepoda~ilo 
za dan~eh pokusn:~ch podminek zjistit. Aktivita polyfenoloxidAzy byla amitrolem stimulovs 
po~inaje 5tvrt:~m dnem po ow rostlin. 

]~a z~klad6 t~chto pokusfl lze usuzovat,  ~e mAk sets~ nemg~ fyziologicky podmin~nou odolnost 
vfiSi amitrolu. 

]~. 3EMAItEI~, }=[. AMBPO~OBA, IIeHTpa~bHhifi HHCTHTyT pacTenue~o~cTna, IIpara: H3yqeHrm 
B ~ n ~ n n ~  aSHTpOaa Ha ~IbIXaHHe n aICTrIBHOCT~ HeI{oTOpblX ~epMeHTOB y pacTenHti s a g a  
(Papaver somniferum L.) .  - -  Biol. P lan t .  9 : 270--275,  1967. 

PacTeH~ Maria, ~panI~BaeM~,m B ropmKax, 6 ~  B ~aae nepBofi napbi JIHC, TbeB 
o6pa6owalt~ np~ noMomli nHnewI~H 6,4 ~ 0,02%-Roro pacwBopa 3-aM~HO-I,2,4-aMHnO- 
Tpnaaoza (aMHWpO~a) B pacqewe ~a i ropmo~, qTO COOT~eTCTByeT Jloae 2 Mr aMl~wpoza 
~a t00 CM 2 nosepxnocw~. O n p e ~ e ~ o c b  ~ n ~ e  repS~n;~a  na tteI~owopbIe ~)~3HO~IOrHqe- 
c~ne npo~ecc~ B tta~3eMHhIX ~IaCTI~X p a c w e ~ g  ~epe8 t ,  4, 7 ~ t0  ~ e f i  nocne oSpa~owKg. 

AMIJTpOJI noHgatIJI aETgBHOCTB ~awa~aa~ ~a 60% ynce qepe8 I ~eHb noc~e oSpa6owKg, 
XOT~ n 0TO npeM~ nHKa~He CHMIITOMI, I noBpem~eHH~ eme ne npOffBH~C~. B noc~e~ymm~e 
AHI~I aKTI4BHOOTb ~aTa~aaLi 6 ~ a  noAan~eHa nec~o~,~o c~aSee. ~L~xa~e  ~oAan~a~ocs 
aMHTpO~IOM B Me~mefi  Mepe, A ~nms  np~ o n p e A e ~ e ~  s 50~ee nO3AHHe cpoI~l~. Paa~Iqg~  
B HoTpeSJIei~gr~ ~gc~opo~a pacTet~H~M~, 06pa6oTaHHI~MH 1~ He o6pa6oTaHH~IMH repgg~gAoM, 
o~aaa~gch OcogeHHo BhIpa3HTeJII~HhIMH 1]pH 1]epecqeTe noTpeg~eH~ ~ c ~ o p o ~ a  Ha o~no 
pacTenne. Paan~Iy  B aKTrIBHOCTII ac~op6~HOKC~4~a3bI ~ neporc~na8~ npg  ~ang~x yCJIOBI~gX 
OnhIWa ol]pe~e~gwb ne y~a~oc~. AKTHBHOCTb no~I~eno~o~e~Ia3~  ewuMy~pona~]ac~, 
aM~wpo~oM, ~aqn~au c 4-to ~uu noc~e oSpa~ow~H. 

Ha o e n o B a u ~  OYII~ITOB MOH~HO c~eJIaTI) aa~mqeH~e,  ~ITO MaK He HBJIfleTeg (~HaI~OJIOFH- 
u e c ~  yCTOfiqnBUM nO OTHOmeH~IO K aMHTpoJ~y. 


