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Abstract. The content and distribution of nitrogen substances in wheat,  pumpkin and pea 
seedlings in complete (NS) or deficient (--Ca 2+ or - - K  +) nutr ient  solutions were studied with 
the aim of establishing whether impairments in the synthesis of nitrogen substances in vegetat- 
ive tissues due to the deficiencies may be compensated for by storage nitrogenous substances. 
Pumpkin and pea seedlings were found to accumulate nitrogen mainly from depots of the seed 
stores. Both the accumulation and the synthesis of nitrogen substances were inhibited by the 
cation deficiencies, especially by tha t  of calcium. Concomitant morphological deformations were 
probably the direct cause of the impairments in the mobilization and hence also in the utilization 
of the substances. With wheat,  on the other hand, no morphological changes resulted from the 
defieienccs and nitrogen was accumulated intensively even from the cultivation solution. Still, 
the rate of the synthesis of the nitrogenous substances was significantly reduced. Under the 
conditions of calcium or potassium deficiency in the outer nutr ient  solution the possibility or 
utilizing the ions from the storage tissues according to the requirements of the plant appeared 
to be decisive. The extent  of the disproportion of the two factors was the original cause of the 
early morphological changes which, in their turn, impaired the natural circulation of substancs 
inside the organism, including the substances containing nitrogen. 

Conspicuous growth defects resulting from calcium or potassium nutrient  deficiency in wheat,  
pumpkin and pea, as described by us earlier (PIcHL and FIALOV.(1972) led us to s tudy the 
content  and distribution of nitrogenous substances. Our main interest was to find out which 
factors are of importance in the utilization of reserve nitrogenous substances and in what  extent  
a certain store of e.g. proteins may compensate for disturbances in the synthesis of nitrogenous 
substances in vegetative tissues of calcium or potassium deficient plants. The three plant species 
used in the experiments differed not  only in the extent  of nitrogen, calcium and potassium 
reserves but  also in their localization (endosperm, epigeic or hypogeic cotyledons) and in the 
requirements for these nutrients.  The present communication is a continuation of a series of 

~ apers from this laboratory ( D v o ~ x  and u 1966, VA=~ovsov~, 1968, VRz/~ov~ 1968, 
n~D Ey.4i~ov)~ 1969). 

I t  is known from the literature tha t  calcium is an important  factor in preserving the integrity 
of subcellular membraneous structures and tha t  the destruction of these membranes due to  
calcium deficiency is the primary cause of metabolic disturbances. Potasium, on the other hand, 
is known to catalyze a number of important  metabolic reactions. All the same, the quanti tat ive 
requirement for potassium, probably due to its further  functions, is proportional to the metab- 
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olism intensity. Unlike with calcium deficiency, potassium deficiency brings about metabolic 
disturbances immediately. Fur ther  importance of the two cations is in their  neutr.alization 
effect and specially in the colloid hydration. There the physiological concentration of calcium 
usually already decreases the colloid hydration, whereas the physiological concentration of 
potassium still increases it. The mobility of potassium in tissues is high; calcium, on the other 
hand, forms insoluble salts and chelates and the two ions are used by the plant  accordingly. 

Materials and Methods 

Triticum aestivum L. cv. Fanal, Cucurbita pepo L. cv. I~veta and P i s u m  sativum L. cv. Zhzrak 
z Kelvcdonu were germinated and cultivated in Knop 's  nutr ient  solution which was either 
complete or calcium- or potassium-deficient (see PIC~L and FIALOV/~ 1972 for details). Nitrogen 
content  was determined using the s tandard Kjeldahl technique. Proteins from vegetative tis- 
sues were isolated from frozen homogenized tissue with a buffer solution according to Staples 
and Stahmann as modified by Dvo~Xx and (~n~OHO~S~X (1967): 0.1 M TRIS, 17% sucrose, 
0.1% ascorbic acid, p i t  8; 1 par t  of the buffer solution was used for 1 part  of the tissue homo- 
genate. After 1 hour extraction at  the laboratory temperature, supernatant  was separated from 
the sediment using a centrifuge and the proteins in the supernatant  were precipitated with 
TCA in the final concentration of 10% and determined according to LowI~Y et al. (1951). Pro- 
teins from storage tissues of dry seeds and their rests in seedlings were isolated by ' the standard 
technique of Barnstein (see JANi~EX et al. 1962) and their amount est imated from their nitrogen 
content by multiplication with 6.25. The technique was chosen in view of the poor solubility of 
the reserve proteins. The isolation is more effective than  extraction with buffer according to 
Staples and Stahmann and leads to values which are by about 30% higher. This difference w a s  
taken into account when evaluating the experimental results. 

Determined values of nitrogen and protein contents were expressed per one plant or p e r  
content of dry matter.  The usual t - test  was used when evaluating the results statistically. 

Results and Diseussion 

Rapid destruction of storage proteins during early stages of germination 
is a characteristic of cereals (Bishop 1929). According to our data  the de- 
crease of nitrogen and protein content in wheat  grains proceeded at the 
highest rate between the 3rd and the 7th day of germination (Fig. 1) and 
was significantly slowed down in deficient, especially calcium-deficient nu- 
tr ient  solutions (Table 1). During subsequent days of germination the con- 
tent  of storage nitrogen substances decreased to about one-tenth of the 
original value. 

Intensive increase in the nitrogen content  of  vegetative tissues (Fig. 1) -- 
the content on about the 13th day of plant  age is approximately three 
times higher than the original content in the grain -- suggests tha t  wheat  
accumulates intensively also the nitrogen from the nutr ient  solution. Hence 
an effective functioning of plant roots is to be assumed although the de- 
ficient nutrit ion affected both their  fresh weight and dry  mat te r  (PICHL and 
F~ALOVX 1972) as well as the nitrogen content  in dry  mat te r  (Fig. 3). The 
increase in the nitrogen content was continuous and was slowed down by 
the deficiencies (Fig. 1). The content of synthesized proteins in vegetat ive 
tissues reached at most one-half of their content  in storage tissue (Fig. 1). 
In  complete and calcium-deficient nutr ient  solutions their content  at first 
increased at a higher rate; on about the l l th  day, however, their  total  
amount  started to decrease. On about the 13th day, it reached approxi- 
mately  the same value as in the potassium-deficient solution, where the 
initial rate of protein accumulation was lower already from the start  of 
germination. 
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TABLE 1 

SIGNIFIGANCES OF DIFFERENCES in Figures 1 and 2 

Plant  

Wheat 

Pumpkin  

Tissues 

Endosporm 

Shoot 

Root 

Cotyledons 

Hypoeotyl 

Root  

Ago 
[d] 

5 
7 
9 

11 

5 
7 
9 

11 
13 

5 
7 
9 

l l  
13 

5 
7 
9 

11 
13 

5 
7 
9 

11 
13 

Nitrogen 

NS/- -Ca N S / - - K  

+ + +  + 
+ +  + 

+ §  

+ 
+ + +  

+ 
+ + +  
- + +  

- + 

- + +  
- -  + + +  
- -  + + +  
- -  + +  

+ +  + + +  
+ +  + + §  

+ §  

+ §  
+ + +  §  
§  + §  

- -  + + +  

NS/--  Ca 

+ + +  
+ +  

+ 

+ 

+ 

+ +  

+ +  
+ + +  
+ + +  
+ + §  

Protein 

N S I - - K  

+ +  
+ 

+ 
+ +  

+ +  

+ +  

+ 
+ 
+ 

+ +  

+ +  
+ +  

Pea 

Cotyledons 

Epieotyl 

Root 

16 
22 

1 6  
22 
28 

22 

+ + +  
+ + +  

+ + §  
+ + +  

+ 

+ +  

+ + +  
+ + +  

+ + +  + +  
+ +  
+ +  

+ + +  - -  _ 

- - = P >  5 % ;  + = P < 5 % ;  §  = P <  1 ~ o ;  + + +  = P < 0 . 1 ~ o  
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The results point not only to 
the different function of calcium 
and potassium in plant meta- 
bolism (reviewed by ~r 
1961, pp. 229, 241) but also to 
different requirements for the 
two. According to KAHN and 
HANSON (1957) requirements of 
grasses for potassium are high 
and hence the seed reserve 
(0.54% of dry matter according 
to VRZ).KOVs 1968), relatively 
low when compared, e.g., with 
pumpkin; is not quite suffi- 
cient, although its mobility is 
high. Findings concerning the 
importance of potassium in a 
number of enzymatic reactions, 
among others in transamination 
reactions (KtrRSA~COV et al. 1965, 
ME,GEL 1961, p. 234 e tc . )make  
understandable the unfavoura- 
ble effects of potassium defi- 
ciency on the synthesis of ni- 
trogenous substances. Retarda- 
tion in the accumulation of 
proteins at a time when the 
accumulation of nitrogen is in- 
tensive (cf. Fig. 2) may be ex- 
plained by formation of other, 
especially low-molecular-weight, 
substances which may be either 
due to an increase in the activi- 
ty of destructive enzymes, or 
due to disturbances in the syn- 
thesis, starting already with the 
phosphorylation (MENGEL 1961, 
p. ~35). 

Although the calcium defi- 
ciency has unfavourable effects 
on proteinsynthesis, be this due 
to affected nitrate uptake (Bt~R- 
STRSM 1952) or their affected 
reduction (EcKERSO~ 1932) or 
due to energy metabolism dis- 
turbances In destroyed mite- 
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Fig.  1. Con t en t  of n i t rogen  and  of p ro t e in  in  ve -  
g e t a t i v e  t i ssues  (solid symbols )  a n d  s torage  t i ssues  
(open symbols )  in p l a n t s  growing in comple t e  
n u t r i t i v e  so lu t ion  ( ), in  ca lc ium deficiency 
( . . . .  ) or p o t a s s i u m  deficiency ( . . . . . . . . .  ). 

chondria ( F L O R E L L  1956), it seems probable that with wheat the low re- 
quirement in a deficient cultivation solution is satisfied by the relatively 
high reserve in grains (0.08% of dry matter according to VRZ~KOV), 1968). 
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Relative accessibility of cal- 
cium and potassium cations in 
the endosperm of the wheat grain 
(as compared with cotyledons 
of pumpkin or of pea) is pro- 

" bably  the reason for which the 
deficiency of these ions in the 
cultivation solution has less se- 
rious metabolic, distributional 
or morphological consequences  
in wheat  'than in pumpkin and 
pea. 

The content of nitrogen in 
the pumpkin seed is about  ten 
times higher than in the wheat  
grain (Fig. 1). During 13-day- 
cultivation with complete nu- 
trition the content after a mild 
initial decrease increased conti- 
nuously in proportion to trans- 
formation of cotyledons in me- 
tabolically (photosynthetically) 
active organ. In  comparison 
with newly formed vegetat ive 
organs (hypocotyl,  roots) the 
content of nitrogen in cotyle- 
dons is twice as high. From 
this it is obvious tha t  on com- 
plete nutrit ion plants accumula- 
te nitrogen also from the exter- 

:~ hal medium. In  the absence of 
calcium the nitrogen uptake  ca- 
me soon to an end. There was 
a decrease in the Initrogen con- 
tent  of cotyledons and roots at  
about  11 days of plant age. The 
calcium reserve in pumpkin seed 
is relatively low (0.04% of dry 
mat ter  according to VA~OT2SOV)_ 
1968), half of tha t  in wheat  grain 
and the requirement for calcium 
is high, as may be judged from 

Fig. 2. Distribution of nitrogen and of 
protein in plants growing in complete nu- 
tritive solution ( - - t - - ) ,  in calcium 
deficiency ( - -  �9 - - )  or potassium de- 
ficiency ( .... �9 .... ). 
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serious metabolic and morpho- 
logical consequences (PzcHL and 
F~LOVi 1972). From this it fo- 
llows tha t  the compensation of 
calcium deficiency from cotyle- 
dons, which are the metabolica- 
lly active organ binding the lit- 
tle mobile calcium in their  struc- 
ture is minimal. Under  potassium 
deficiency, the uptake of nitro- 
gen by the whole plant was very 
intensive, however, only during 
first days of germination. Jud-  
ging from the heal thy habitus 
of plants it may  be concluded 
tha t  during tha t  period the re- 
serve in seeds (0.620/o of dry  so- 
lids according to VA~ousovl  
1968) was sufficient to cover the 
requirement.  A sudden fall in 
the nitrogen content of the who- 
le plant follows, suggesting tha t  
the potassium reserve is ex- 
hausted to the degree at which 
destructive enzymes are activa- 
ted  (MEI~GEL 1961, p. 235) re- 
leasing nitrogen as the ammo- 
nium ion, which may  be secreted 
by  roots (PRYA~rSH~iKOV 1952). 
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Fig. 3. Content of nitrogen in dry matter  of 
plants growing in complete nutrit ive solution 
( - - O - - ) ,  in calcium deficiency ( - - � 9  
or potassium deficiency ( . . . .  �9 . . . .  ). 

The content of proteins in the seed of pumpkin was approximately one 
order of magnitude higher than  in vegetative tissues of the whole seedlings 
after 13 days of cultivation (Fig. 1). Dynamics of the protein decrease in 
cotyledons and of the total  protein increase in newly formed vegetative 
tissues was about the same both with complete and deficient nutrition. The 
content  of proteins in hypocotyl  and in roots, however, was influenced by  
the deficiencies, especially by the calcium one, unfavourably (Fig. 2). Nitro- 
gen content is high at the same time, suggesting a considerable accumulation 
of other nitrogenous substances, probably of low molecular weight, in coty- 
ledons; they  may  result either from disturbances in synthetic processes or 
from decomposition of substances of high molecular weight, as mentioned 
before. Some of them, as putrescin (S~ITH 1972) which may  amount  to about 
10~o of the total nitrogen content when the potassium deficiency is extreme, 
are liable to cause serious metabolic disturbances, so conspicious in growth 
and habitus of pumpkin. 

The content of nitrogen in pea seeds was almost the same as in the seeds 
of pumpkin, the protein content was only slightly lower (Fig. 1). On com- 
plete nutrition, the content  of nitrogen in vegetative tissues increased about 
three times as rapidly as with pumpkin (cf. variants NS Fig. 1) and after 
initial rapid exhaustion of a considerable part  of the content (of about 80~o) 
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after some 16 days of cultivation nitrogen was still taken up intensively from 
the nutrient solution. In parallel with that an intensive proteosynthesis took 
place (Fig. 1). Potassium deficiency influenced the nitrogen metabolism un- 
favourably only in the rate of proteinsynthesis in vegetative tissues, which 
was reduced by about one-third as compared with complete nutrition Fig. 2). 
Irrespective of our ignorance of potassium content in pea seeds, it may be 
concluded from the data of KAHN and HxNSON (1957) concerning the low 
requirement of Viciaceae for potassium that  the potassium content of pea 
seedlings was not so unfavourable as to cause more important disturbances 
in synthetic processes. This is suggested both by intensity of growth and 
plant habitus, not differing from that of plants cultivated in the complete 
solution. CQnsiderable retardation of shifts of nitrogenous substances be- 
tween storage and vegetative tissues under calcium deficiency in view of 
high requirements of Viciaceae for calcium in nutrition (KAH~ and tIA~so~ 
1957) suggests that the situation is like that in the pumpkin. I t  may be 
concluded that  the calcium reserve in pea seeds, if there is one, cannot be 
mobilized for the sake of newly formed tissues. Early metabolic disturbances 
in these tissues were caused by the calcium deficiency, already when the 
reserve proteins were decomposed. Slow growth and serious morphological 
deformations brought about, similarly as with pumpkin, an early decay of 
the plants. 
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SVATAVA FIALOV/[, I. PICHL, Katedra  fysiologie rostl in a pfidni biologie P~irodov~deckd 
fakul ty UK,  Praha:  Metabol ismus dus iku  u rostl in p~i deficienci v~pniku  nebo d r a s i i k u . -  Biol. 
Plant .  15 : 194--201, 1973. 

Sledovali jsme obsah a distribuci dusikat~ch l~tek p~i flpln~ (NS) nebo deficitni ( - -Ca 2+ 
nebo --K+) v ~ i v ~  u mlad~eh rost l in pw tykve  a hraehu se z~m~rem, zda urSlt~ obsah 
z ~ o b n i c h  dusikat:~eh l~tek mf~e kompensovat  poruehy jejich synt6zy ve vegeta t ivnieh  tk~nieh 
p~i defieitni v ~ i v ~ .  

Kli6nl rost l inky tykve  a h rachu  6erpaly dusik blavn~ ze zAsob semene. (~erp~nl i synt6za 
dusikat:~ch l~tek ve vegeta t ivnieh tkKnlch byly defieiencl kationtfl,  zvl. vKpnlku zbrzcl~ny. 
PrSvodnl  morfologick6 deformace byly pravd~podobn~ p~imou p~i6inou poruch mobilisaee 
a t im  i nevyu~itl  zti~ob. Naprot i  tomu pw nevykazovala  vl ivem defieienee morfologick6 
zm~ny a 6erpala dusik intenzivn~ i z kult iva6niho roztoku. Av~ak synt6za duslkat~eh l~tek 
byla deficienei prfikazn~ zpomalena. 

P~i defieitu Ca 2+ nebo K + ve vn~j~im ~ivn6m prost~edi byla z~ejm~ rozhodujiel mo~nost 
vyu~iti  t6chto iontfi ze zs tkKn~ dm6rn~ pot~eb~ rostliny. Mira dlsproporee t~chto dvou 
faktor6 byla pak prvotni  p~i6inou 6asnosti morfologick:~ch zmfin, kter6 znesnadnily p~irozen~ 
pohyb l~,tek v organismu, v6etn~ 1Atek dusikat~ch. 


