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Abstract. Pea plants  grown in nut r ien t  solution in which K + ions were equimolarly replaced 
with Na +, NIt4 + or l~b + did not  show morphological symptoms of potassium-deficiency. The 
act ivi ty of diamine oxidase in these plants  was higher than  in controls. Similarly higher diamine 
oxidase act ivi ty was found in plants  grown in a complete nu t r ien t  solution supplemented with 
putreseine. 

Plants grown under potassium-deficient nutrient conditions contain 
increased level of putrescine (SMITH 1968, 1970a, 1971, SMITH and RICHARDS 
1962, I%ICHARI)S and COL]~MA~ 1952, COLEMAN and RICHARDS 1956, 
HAeKET et al. 1965, MeaTY et al. 1971). 

The amount of accumulated putrescine is approximately equivalent to the 
difference in potassium content between the normal and potassium-deficient 
plants (SMITg 1970a). Potassium-deficit can be compensated by this organic 
cation only to one third without a visible damage of plants (MvRTY et al. 
1971). The increase in putrescine content has been explained by a disorder 
in nitrogen metabolism and in cation-anion equilibrium resulting in an 
increased acidity, which enhances formation of enzymes catalyzing synthesis 
of basic amines (COLEMAN and RICHARDS 1956, SMITH 1971). These amines 
are functional in adjustment of intracellular pH. According to SMIT~ (1973) 
the accumulation of putrescine is also affected by calcium, phosphorus, 
sulphur, magnesium and manganese nutrition. Excessive accumulation of 
putrescine during potassium-deficiency causes necrosis on leaves. This harm- 
ful effect of putrescine was proved by RICHAI~DS and COLEMAN (1952) and 
COLEMAN and RICHARDS (1956) by its addition to the nutrient solution 
containing opt imum concentration of potassium. 

Putrescine is oxidatively deaminated by diamine oxidase which has been 
detected in pea, soybean, red clover, lupine and lavender plants (KENTEN 
and MAnN 1952, SUZUKI 1973). The changes in activity of diamine oxidase 
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in pea plants grown under potassium-deficient nutrient  conditions are 
investigated in this communication. 

Material and Methods 

Pea plants (Pisum sativum L. cv. 'Liliput') were grown in a stationary water culture without 
aeration. Acidity of nutrient solution was adjusted to pH of the control solution (pH 4.6) with 
0.1 N NHdOH and NaOH, respectively. Growth tanks were placed either in a greenhouse, where 
plants were grown under natural illumination (May) at 22 q- 5 ~ (first experiment), or in a dark 
room with constant temperature 25 ~ (second experiment). These conditions were chosen with 
respect to the expected significant effect of putrescine on diamine oxidase synthesis. The activity 
of this enzyme is increased up to three times when plants are grown in darkness (MAcHOLAN 
and MINXf~ 1974). 

The fresh weight and diamine oxidase activity (MAC~O~N and MINX/r 1974) were estimated 
separately for shoots and roots of collected plants. The enzyme activity has been expressed in 
international units (U), i.e. in p~mol of oxidized putreseine after 1 min of incubation at 25 ~ 

Effcet of Potassium Defleicney 

Ten four days old pea seedlings were planted into each growth tank containing 4 1 of Riehter 's  
nutrient solution, in which potassium salts (KH2PO4, KNO3) were equimolarly replaced with 
sodium, ammonium or rubidium salts. Control plants were grown in Ricbter 's  solution with 
potassium salts. 

Effeet of Putreseine 

Pea seedlings were planted similarly as in the first experiment. The Riehter 's  solution was 
supplemented with putrescine dihydroehloride to the final concentration 10 -a M, 10 -4 M, 10 -5 M 
and 10 -6 M, respectively. 

Results 
Effeet of Potassium Defieieney 

The potassium deficiency least affected the plants grown in nutr ient  
solution containing sodium instead of potassium. On the other hand the 
employed concentration of rubidium had a toxic effect on plants at the end 
of the experiment (Fig. 1). 

The diamine oxidase activity (U.g -1 fresh weight) in shoots was decreas- 
ing in all examined experimental variants. This decrease was very sharp at 
the beginning of the experiment and became gentle after 19 days of culti- 
vation. During the whole experimental period the diamine oxidase activity 
was the lowest in the case of control plants. Higher activi ty was found in 
plants grown in nutr ient  solution with sodium and ammonium and the 
highest activity in plants cultured in rubidium-supplemented solution. 
Similar results were obtained for roots where the diamine oxidase activity 
(U.g -1 fresh weight) was also gradually decreasing during cultivation. How- 
ever, a temporary  increase in its activity was recorded in plants grown in 
solution with ammonium between the 19th and 32nd day of their cultivation. 
Simultaneously necrotic spots appeared on leaves of these plants, which did 
not occur on leaves of other variants. Starting from the 19th day of culti- 
vation a gradual increase in diamine oxidase activity was recorded in roots 
of plants grown in rubidium-containing solution. The activity was increasing 
till the end of the experiment and it seems probable that  this increase is 
caused by a gradual dying of plants in this variant (Fig. 2). The diamine 
oxidase activity expressed in U per one plant was lower in all experimental 
variants than  in control plants. At the end of the experiment a bulky for- 
mation of nodules was observed on roots of plants grown in solution with 
sodium salts. 
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Fig. 1. Growth of pea seedlings in l~iehter's nutrient solution (K +) and in solution in which 
potassium salts were replaced with sodium (Na+), ammonium (NIt4 +) and rubidium (Rb +) 
salts, respectively. 
Fig. 2. Diaminc oxidase activity in pea seedlings growr~ in Riehter 's  nutrient solution (K +) and 
in solutions in which potassium salts were replaced with sodium (Na+), ammonium (Ntt4+) and 
rubidium (Rb+), respectively. 

E f f e c t  of Putrescine 

The extent  of unfavourable effect of putrescine on fresh weight of plants is 
directly dependent on its concentration in nutr ient  solution (Fig. 3). Similarly 
to the first experiment, the diamine oxidase activity (U.g -1 fresh weight) 
was decreasing with the increasing age of plants. Its activity in shoots of 
six days old plants (lst analysis) was the highest in the case of control plants. 
Two days later, however, the enzyme activity in plants of all experimental 
variants was already higher than in control and this difference remained 
till the end of the experiment. The differences in diamine oxidase activity 
between control and putrescine-treated plants were increasing with increas- 
ing putrescine concentration from 10-6 M to l0 -8 M. When compared with 
the control, the highest tested putrescine concentration decreased diamine 
oxidase activity by 20 ~ in 8 days old plants, but  after 19 days of cultivation 
its activity was by 50 % higher than tha t  of the control. The enzyme activity 
in shoots expressed in U per one plant is, in general, higher in all experimental 
variants than in control plants during the whole period of cultivation. 
Maximum activities were again recorded in plants grown in solutions with 
the highest putrescine concentration. Higher activity of diamine oxidase 
(U.g -1 fresh weight) than  in control was also found in roots of plants from 
variants with l0 -5 M and 10-s M putrescine. This increased activity was, 
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however ,  preserved till the  end  o f  cu l t i va t ion  o n l y  in roots  o f  p lants  w h i c h  
were  g r o w n  in so lu t ion  conta in ing  10-5 M putresc ine  (Fig. 4). This  d e p e n d e n c e  
is e v e n  more  p r o n o u n c e d  w h e n  the  e n z y m e  a c t i v i t y  is expressed  in U per 
roots  o f  one  plant .  
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Fig. 3. Growth of pea seedlings in Riehter's nutrient solution (control) and in solutions contain- 
ing various concentrations of putrescine. 
Fig. 4. Diamine oxidase activity in pea seedlings grown in Riehtcr's nutrient solution (control) 
and in solutions containing various concentrations of putrescine. 

D i scuss ion  

Putrescine accumulated by potassium-deficient plants causes their gradual 
dying (HACKETT et al. 1965, SMITH and RmHARDS 1962, SMZTH 1968, 1970b, 
1971). We expected and proved that  this is not the case in plants furnished 
with the diamine oxidase. Simultaneously it has been found in several 
experiments (one of which is presented here) that  in potassium-deficient pea 
plants the activity of this enzyme in shoot is increased. This made us again 
assume a possible induction of diamine oxidase by its substrate (l~XSKA 
and M ~  1974). The results of the second experiment which are presented 
above and of other not yet published experiments are consistent with this 
hypothesis. I t  has been found that  the activity of diamine oxidase is in- 
creased even when the developed plant seedlings are transferred to the 
nutrient solution supplemented with putrescine. The activity of this enzyme 
was also increased after swelling of seeds in this diamine. As compared with 
the roots, the enzyme activity in shoots was increased only after application 
of higher putrescine concentrations to the root system. This difference can 
be understood on the basis of MAC~OL~N and MIN~'s  (1974) experiments 
which showed that  putrescine taken up by roots is gradually degraded when 
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transported to the shoots. The activity of diamine oxidase in roots is re- 
pressed even by very low putrescine concentrations. This sensitivity is 
probably caused by the lower diamine oxidase activity in roots as compared 
with shoots. 

I t  has been found that the potassium-deficient pea plants accumulate 
putrescine. This accumulation is probably related to the increased activity 
of arginine decarboxylase and N-carb-amylputrescine amidohydrolase 
(SMITH 1963, 1965). 

Our experiments showed that these plants never die (with the exception of 
those cultivated in solution with rubidium) and that they grow up to flower- 
ing plants without symptoms of potassium deficiency. This especially proves 
true when potassium is replaced with sodium. It  is very likely that  a higher 
content of diamine oxidase maintains the putrescine in potassium-deficient 
pea plants on a reasonable low level which is not toxic. As was proved in 
our laboratory, barley and maize plants, in which the diamine oxidase was 
not detected (SMITH 1969, SMITH and STEVENS 1971), do accumulate pu- 
trescine when grown in potassium-deficient solution. Putreseine is accumu- 
lated to an amount that causes gradual dying of leaves starting from their 
apex. 

WERLE et al. (1959) supposed that diamine oxidase has a certain physio- 
logical function in seed germination. Using specific inhibitors of this enzyme, 
diaminobutanone and diaminopentanone MACHOLAN and MIN~ (1974) 
decreased its activity to the sensitivity limit of the used analytical method 
without affecting seed germination. The inhibitors or their degradation 
products affected later phases of growth. It  is therefore necessary to look for 
the biological function of diamine oxidase not only in the early phases of 
growth and seedling nutrition but also in further developmental and growth 
processes. The present experiments showed that pea plants furnished with 
the diamine oxidase are not significantly affected by potassium deficiency. 
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