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Abstract. Decreased accumulation of elements, particularly of nitrogen, had in dense stand 
a negative influence on the plants, in spite of the supply of fresh solution and the control of 
the concentration of nutrients in the pots. The fresh weight and the dry matter of one plant 
were reduced substantially with rising stand density (from 5 to 10, 20, 40 and 80 plants per 
450 sq. era); the RGR value, the relative absorption rate IM, the content of all tested elements 
calculated per one plant, the chlorophyll content in the overground parts of one plant, and the 
distribution index decrease. Qualitatively the same influence is caused by deficiency of nutri- 
ents. Plant dying and self-thinning of the culture occurred in denser stand in the course of 
cultivation. The root-weight ratio rose with stand dcnsification, particularly at the end of the 
experiment. The net assimilation rate (NAR) related to chlorophyll dropped with stand density: 
NAR at density "80" rose slightly from the 22nd day of cultivation and did so at further lower 
densities. Almost all NAR values lie over the control value at the last measurement. The chloro- 
phyll content in mg g-1 dry matter of the overground parts rose with stand density to den- 
sity "40" (41% more than at density "5"); afterwards it dropped. The accumulation (in 
rag g-1 d.m.) of phosphorus ions was higher in the plants from dense cultures compared with 
density "5", particularly in the roots. The accumulation of potassium was near to the control 
value ("5"), while that of nitrogen was lower. The utilization quotients of phosphorus and 
potassium in denser stands were the same or negligibly lower than at density "5". They were 
a little higher in nitrogen than in the controls. Also the ratio RGR/IM was a little higher than 
in denser stands. The root-weight ratio, the accumulation of elements in mg g-t d.m., the 
chlorophyll content in mg g-t d.m., NARch, the utilization quotient, and the ratio RGR/IM 
differed qualitatively by the densification of the culture (with complete mineral nutrition) 
from the influence of element deficiency (at the same stand density). 

I n  s t u d y i n g  t h e  f a c t o r s  i n f l u e n c i n g  t h e  d r y  m a t t e r  p r o d u c t i o n  o f  p l an t s ,  
g r e a t  a t t e n t i o n  was  p a i d  t o  l i g h t  i n t e n s i t y  a n d  p roces se s  d i r e c t l y  d e p e n d e n t  
o n  i t .  T h e  d r y  m a t t e r  p r o d u c t i o n  o f  o n e  p l a n t ,  N A R ,  a n d  R G R  d r o p p e d  
w i t h  d e c r e a s i n g  l i g h t  i n t e n s i t y  o b t a i n e d  e x p e r i m e n t a l l y ,  e .g .  t h r o u g h  t h e  
r e d u c t i o n  o f  t h e  d i s t a n c e s  b e t w e e n  p l a n t s  (dens i ty ) ,  (HOD./~OV~ 1967, 
BIRKE 1963, BLAOKMA~ a n d  BLACK 1959, IWAKI 1958, WATSO~r 1958, 
BLACKMA~r a n d  WILSON 1951 a n d  o the r s ) .  

* Address:  Koth~skh 2, Brno, Czechoslovakia. 
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Most experiments, however, were carried out  under conditions where it 
was not  possible to follow or to exclude, respectively, the influence of 
a further  no less important  factor, i.e. the mineral nutrient.  I t  is obvious 
tha t  the increasing mutual  shading of plants as well as the deficiency of 
elements lower the dry  mat te r  production, i.e. they  have the same final 
effect. BLA.CKiYIAN and WILsoN (1951 earliest date), found a dependence of 
RGR and NAR on the quant i ty  of nutrients.  Individual elements taking part  
in production decrease with various intensity (WATsoN 1947); the deficiency 
of these elements directly influencing the formation of the products of 
photosynthesis manifests itself very intensively and quickly (SC~ILLnr 
1963, BISWAS and SE~r 1959, 1Ni6IPOm)VI~ and CE• I n  1959). There are also 
specific features of the influence of the two factors, excluding the similar 
effects of the influence of nutr ient  deficiency and mutual  shading of plants 
(e.g. BROUWER 1965). 

The present paper reports a s tudy on the growth of pea plants, cultivated 
hydroponically with replenished nutrition, and their uptake, accumulation, 
distribution, and utilization of nitrogen, phosphorus, and potassium at 
varying stand density. 

Material and Methods 

Plant Material and Cultivation Technique 

For the experiments we used peas (P i sum sat ivum L. cv. Stupick:~ zelen:~), 
one seed of which weighed 225 mg on the average and contained 1008 mg- 
atoms of nitrogen, 50 mg-atoms of phosphorus, and 84 mg-atoms of pot- 
assium. The peas germinated five days in a germinating pot (from April 19, 
1967), whereupon the germinating plants were put  into water  culture at 
varying density: I variant  5 plants on 450 sq. cm (marked "5"), I I  -- 
10 plants ("10"), I I I  -- 20 plants ("20"), IV -- 40 plants ("40"), V -- 
80 plants ("80"). The mean weight of the dry mat ter  of a germinating 
sprout was 6.5 mg, of the root 7.5 mg. Planting was carried out so tha t  
in each variant  of each harvest  there were four reproductions, thus making 
a total  of twenty  reproductions. 

Cultivation proceeded in Richter 's  nutr ient  solution with microelements 
and iron added, as reported for the concentration 1.0 in LA~T6VKA and 
MINXf~ (1967, 1970a). The solution was stirred, aerated, and maintained at 
the initial concentration ( •  The cultivation pots were put  in a green- 
house (LA~TI~VKA 1968), the temperature  of the air varying between +18 ~ 
and +28  ~ , tha t  of the solution between +19  ~ and +25 ~ . 

One certain density was always present in all reproductions to preserve 
certain conditions in the individual growths, the outsides being planted 
with a protective zone of the same plants. 

Experimental Proeedures 

A part  of the plants was harvested and weighed after 17, 22, 28, 35 and 
42 days from planting in water culture, and the content  of nitrogen, phos- 
phorus, potassium (Mr~h~ and LA~TOVKA 1966) and chlorophyll were de- 
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termined spectrophotometrically according to the method described by 
~EsTAx (1966), the calculation by MacKinney -- Arnon, cited by ~ESTAX 
et al. (1966). 

Charaeters Evaluated 

We give the dry matter  production per plant, the root-weight ratio 
(RWR, % basis dry matter), the relative growth rate (RGR), the net 
assimilation rate (NAR), the chlorophyll content in mg per g of dry matter  
of the overground parts and in mg per entire overground parts of the plant; 
furthermore, the relative absorption rate (I~), the accumulation of l~I, P, K 
in mg per g of dry matter  in mg-atoms per plant, the distribution index 
(%, basis dry matter), the quotient of utilization (basis dry matter), and 
the ratio RGR/IM. 

The calculation of IM is given by LO~ERAGA~ and ASHER (1967); RGR 
by ASHER and LO~.RXGA~ (1967); the calculation of the two values is 
always understood from the beginning of cultivation to the day of sampling, 
the respective curves being marked with the relevant day. The calculation 
of NAR (chlorophyll) is given by the equation 

2.  ( W ~ -  W1) , 
(A2 + A1).  (t2 - -  t 0 

at intervals of 1 to 17, 17 to 22, 22 to 28, 28 to 35, 35 to 42 days of cul- 
tivation; the corresponding curves are always marked with the last day of 
the interval. The calculation of I~AR, the terminology, and the symbols are 
taken from the paper by N ~ A s  et al. (1966). The evaluation of the differ- 
ences of some results was carried out with the aid of the t-test. 

Results 

The results are given in Tables 1--7 and in Figures 1--5. 
Higher densities did not even reach, at first sampling, the assumed value, 

although only viable plants were used. The densities in the individual 
samplings were: at density "5" and "10" the number of plants did not 
change; at"20" in the last sampling there were only 19 plants; at "40" in 
the first sampling 38 plants, furthermore, 37, 33, 33, and finally, in the last 
sampling 32 plants; at "80" in the first sampling 70, furthermore, 64, 6], 
54, and, finally 43 plants on 450 sq.cm. 

In the course of growth the ratio of accumulated ions at the individual 
densities changed very little. At the beginning the P :N : K: ratio is ap- 
proximately 1 : 1 1 : 3 . 5  at all densities; at the end it is 1 : 1 5 : 3 . 5  at 
density "5", at further densities the accumulation of nitrogen drops rela- 
tively more, while tha t  of potassium only insignificantly, namely 1 : 12 : 3.3. 

This experiment also demonstrated that  in the first phases of growth 
nitrogen and nitrogen substances, respectively, are eliminated into the 
medium, this being due to stand densification. 
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Fig. 1, Dry matter  of one plant (n = 4). Abscissa: the 
s tand density. Ordinate: dry weight of one plant in 
g, above: shoots, below: roots. Significant differences 
between density "5" and the others are designated: 
I (P <: 0-001). The days are marked with the day 
of sampling. 
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Fig. 2. Net assimilation rate (I~AR = g g - t  day-l) ,  
relative growth rate (RGR = g 100 g- lday- l ) ,  root 
weight ratio (RWR = %/basis dry weight). Abscissa: 
the stand density, The curves are marked with the 
day of sampling. 
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TABX~ 1 
~ONTENT O1r CHLOROPHYLL a and b in mg g- t  dry weight of the top of a plan~ 

Days of 
culti. 

vati on 

i 17 
22 
28 
35 
42 

~ t  

5.254 
5-234 
5.331 
4.273 
2,865 

Stand density 

5 I 

b 

1-351 5"645 
1,693 4"643 
1.642 5'312 
1"495 4"360 
1"073 3.343 

10 

a b 

1,852 
1.486 
1-757 
1"537 
1-212 

20 40 

a b 
i i  

5.717 1.925 
4.801 1.605 
5.629 1-847 
5.416 1,927 
4-249 1.460 

I 

a b 
ii i i  

I 
5.807 2.151 
6" 140 2-100 
5-184 1,837 
5.366 1.836 
4.042 1-518 

a 

i 

5.66 
4.70 
5.14 
4.6~ 
3.1,~ 

b 
i i 

2.088 
1.786 
1.836 
1.756 
1.158 

Values are means of 4 replications. 
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Diseussion 

The results of the regular measurements of the concentration of the 
solution flowing out  of the cultivation vessels convinced us tha t  the con- 
centration of the nutrients varied within minimal limits ( 100 ~/o i 5 ~/o). An ana- 
lysis of the results, however, showed that  in dense stands either the stirring of 

TABLE 2 
CONTENT OF CHLOROPHYLL (a + b) in the top of one p l an t  (rag) 

D a y s  of  
cu l t i va t i on  

17 
22 
28 
35 
42 

S t a n d  d e n s i t y  

5 lO 

2.252 1.882 
5.293 3.530 

10.104 6'779 
11"882 8.515 
14-098 13-082 

 +_so 
1.567 1.528 I 0.984 
2.588 2.497 I 1.190 

9'511 4"837 3"070 

the solution was not sufficient to remove the concentration gradient round 
the roots, or what  is more probable, the elimination of ions or substances, 
respectively, by  the root system negatively influenced accumulation 
(mg g-1 d.m.), especially tha t  of nitrogen. This, of course, influenced the 
results in an undesirable manner, because the very reserve of nitrogen in 
the tissue plays a major role (B~ouwE~ 1963) Simultaneously with this 
experiment we followed under practically the same conditions the influence 
of the concentration of the nutrient solution on pea growth, the growth 
density, however, being the same ("10") LA~TOVK.~. and MI~s 1969a, b). 
The results of this experiment where mineral nutrients play a major role in 

TABLE 3 

CONTENT OF NITROGEN in m g  g - I  d r y  m a t t e r .  Values  are  m e a n s  of  4 rep l ica t ions  

D a y s  of  
culti-  

vat ion  

17 

22 

28 

35 

42 

S t a n d  d e n s i t y  

Shoots  R oo t s  

47.00 27"80 

50.00 39"00 

44 '40 43'53 

38.13 42.67 

44' 40 44" 40 

10 

Shoots  R oo t s  

+ + +  
50'93 44"40 

~-+  
51"87 45'80 

43.47 43.53 
+ +  • 
33'40 46.87 
+ +  
27.80 43.07 

20 

Shoots  Roots  

+ +  + §  
42.40 47.20 
+ + 
46.27 38.07 
+ +  
36.00 44.40 

39.20 41.80 
+ +  
38.53 44-40 

I 40 
Shoots  Roots  

m m  

+ + +  
44.00 46.73 

+ 
50.93 41.80 

44.50 44.20 
+ + +  
42.67 36-20 
+ § + + 
36-20 39"00 

80 

Shoots  Roots  

+ +  + +  
51"87 45-80 

+ 
49"07 41.33 

+ 
45.33 41.80 
+ +  + +  
22.67 38.07 
+ +  + +  
37.13 39.00 

Signif icant  differences be tween  d e n s i t y  " 5 "  a n d  the  o the r s  are  des igna t ed :  P < 0.01 + ,  
P < 0'001 + + .  
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TABLE 4 

CONTENT OF PHOSPHORUS in mg g-1 dry matter.  Otherwise as Table 3 

Days of Stand density 

c u l t i -  5 10 I 20 40 I 80 
vation -" 

Shoots Roots Shoots Roots Shoots Roots Shoots Roots Shoots Roots 

17 

22 

28 

35 

42 

7.32 9-00 

6.09 13.58 

6"22 13.80 

5.60 18.60 

5.72 14.13 

+ § 2 4 7  
7-78 7-31 
+ + 
7.00 13.80 

4- 
5-96 15.24 

+ +  
5-20 16.42 

5.20 14.69 
t 

+ +  + +  
7.88 16.20 
§ + 
6.76 15.13 

+ +  
5.96 15.37 
+ ,  + 
5.20 17.87 

§ 
5.84 15.38 

+ +  + +  
7.88 17-73 
+ +  § 2 4 7  
7.55 17.27 
+ §  + §  
7.12 17.27 
§  + +  
6.36 19.79 

+ +  
5.20 16.31 

I 

+ +  §  
8.38 18.24 
§  §  
8.35 18.86 
§  + §  
7.75 20-80 
§ 2 4 7  + +  
6.56 20.40 

+ +  
5.20 18.24 

growth and in the accumulation of  ions, permit us to draw a comparison 
with the results described in the present paper. They make it possible to 
determine approximately the intensity of the influence of nutrient de- 
ficiency in dense cultures and the specific reaction of the plants to the whole 
complex of factors associated with the densification of the culture. 

TABLE 5 
~ONTENT OF POTASSIUM in mg g-1 dry matter .  Otherwise as Table 3 

Days of Stand density 

c n l t i -  5 10 [ 20 40 80 
ra t ion  '- 

Shoots Roots Shoots Roots Shoots Roots Shoots Roots Shoots Roots 

17 

22 

28 

35 

42 

34.20 42.53 

27.60 70"33 

25.33 70.00 

25.27 73"00 

25.00 64.27 ! 

+ +  
34.93 73.00 
§  
31.13 71.67 
+ 
25-93 69-67 
§ 2 4 7  §  
22.00 69.40 
-+.+ 
18.65 62.80 

! 

34.00 
+ §  
30.00 
§  
28.00 
4 - §  
22-23 
% 
27-60 

~ §  § 2 4 7  
77-60 35.13 74-33 
~ §  § 2 4 7  §  
73.33 35.13 73.60 

§ 2 4 7  
72.13 32.27 69.33 
§ 2 4 7  § 2 4 7  
69.00 28.40 73.00 
§ § 
60.13 23.20 63-07 

+ + +  
36.27 70-67 
+ +  % 
37.87 72.33 
+ +  + 
34.80 73.00 
+ +  
30.00 71.80 
+ §  § 
23.33 59.87 

I t  can be said from the results and other published data (IwAxI 1958, I~LH),K 1959, 1960, 
TEZUKA 1960, HOGETSV et al. 1960, LA~T~rVXA and M r ~  1969a, b, and others) tha t  the den- 
sification of the stand and the deficiency of nutrients contribute to the decrease of dry mat ter  
of the tops and the roots of plants. Through densification of the stand, the whole process of 
photosynthesis is primarily influenced and at  the same time, the absorption of ions a t  complete 
nutr i t ion with mineral nutrients continues only for a short period, the accumulation of ions 
in mg g-1 d.m. increasing; subsequently, the absorption being negatively influence4 (ScHrLL:NG 
1963) and the accumulation, however, remaining high, the shift of assimilates to the roots 
decreases, followed by a diminution of the growth of the roots. The root-weight ratio decreases 
as well. (BROUWER 1965). 
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Fig. 4. Mean rate of elements N, P, K absorp- 
tion per unit weight of roots in ~tg-atoms (g fresh 
weight of roots) day. Abscissa: the stand den- 
sity. The curves are marked with the day of 
sampling. 

Fig. 3. Total content of nitrogen, phosphortm 
and potassium, in nag-atoms per plant, above --  

in shoots, below -- in roots. Abscissa: the stand density. The curves are marked with the day 
of sampling. 
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TABLE 6 
DISTRIBUTION INDEX of  N,  P ,  K e l emen t s  ( increase in a m o u n t  of  e l emen t s  in p l a n t  shoo t s  as  ~) 
of  t o t a l  con ten t s )  

D a y s  o f  S t a n d  dens i t y  
. . . . .  I E l e m e n t  - - -  

C U l D I V a l ) l o n  I I I 
I 5 lO I 20 

I 

17 :N 80-91 I 75.18 71.64 
P 66.65 I 74.14 57.72 
K 66.86 55.86 55"18 

22 N 84.22 81-93 84.23 
P 65-07 67-10 66"24 
K 62.03 63'47 64.23 

28 N 85.73 84"03 83.38 
P 72.64 67.32 70.57 
K 68.06 66-23 70.59 

35 N 86.76 83"18 85.90 
P 68.82 68.74 65,40 
K 71.74 68.77 67.77 

42 N 90.45 86.91 89,11 
P 79.31 78.47 76,53 
K 78-65 75-35 79,55 

4O 

73.86 
57.14 
58.61 

84.04 
65.54 
67.38 

83.31 
67.29 
69.91 

86-91 
64.41 
68.66 

86.68 
69.11 
72.07 

80 

75.40 
55.38 
58.13 

80.85 
61.19 
65.06 

81.74 
61.06 
66"33 

74.73 
61.52 
67.52 

85.40 
63.63 
70.53 

TABLE 7 
UTILIZATION QUOTIENT of  n i t rogen ,  p h o s p h a t e  a n d  p o t a s s i u m  (g d ry  m a t t e r / m g - a t o m  N, P ,  K 

D a y s  of 
c u l t i v a t i o n  I 

17 

22 

28 

35 

42 

E l e m e n t  

N 
P 
K 

N 
P 
K 

N 
P 
K 

N 
P 
K 

N 
P 
K 

I 5 I 
0,337 
3.972 
1-069 

0,293 
4.108 
1-090 

0.316 
4,231 
1.229 

0.276 
4.326 
1-261 

0-317 
4-748 
1.360 

S t a n d  dens i t y  

10 

0.285 
3.285 
0-862 

0-276 
4.387 
0,996 

0.322 
4.163 
1.188 

0,351 
4.120 
1.229 

0,480 
5.129 
1.733 

L 20 

0"321 
3"708 
0.861 

0"313 
3"729 
1.028 

0"377 
4"261 
1.145 

0-354 
4"495 
1"369 

0"362 
4"532 
1"262 

40 

0,313 
2.995 
0,870 

0,285 
3.304 
0.924 

0.316 
3,512 
1.017 

0,336 
3.694 
1-113 

0.383 
4.703 
1.388 

80 

0.279 
2.805 
0.858 

0.296 
2.907 
0.861 

0.314 
3.031 
0,925 

0,555 
3.489 
1.057 

0.375 
4.408 
1.375 
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The deficiency of nutrients infiuences negatively the whole process of the 
absorption of ions and of their accumulation. Moreover, photosynthesis is 
influenced negatively at high irradiation of the leaves, the transloeation of 
the assimilates into the roots rises, the roots grow faster and the root-weight 
ratio increases (BRouwER 1963). 

I f  only the growth density and closely con- 
nected factors without regard to mineral nu- 
trients were observed, the decrease of dry mat- 
ter production could be incorrectly attributed 
to the negative effects of these factors. TEZUKA 
(1960) mentions this in his experiments concer- 
ning IwAxI's paper (1958) on buckwheat and 
particularly in connection with the root-weight 
ratio. 

RWR appears to be a very good indicator for 
evaluating the influences of various factors. 
RWR rises at nutrient deficiency (BRouWER 
1963, Li~T~VXA and Ml~i~ 1969a, b), but falls 
at lower light intensity and higher mutual plant 
shading, respectively (BuLi et al. 1959, BROUWER 
1965). IWAKI (1958) uses the ratio C/F (non- 
photosynthetic to photosynthetic parts) which 
differs more or less from RWR in the indivi- 
dual species of plants. This C/F ratio increased 
in buckwheat with densification. This is not in 
agreement with the influence of higher shading, 
but with that  of nutrient deficiency. The results 
of our work are similar. We found a relatively 
lower accumulation not before the 22nd day of 
cultivation in the densest culture and gradually 
coming into play in the further stand densities. 
The course of the relevant curves of RWR pre- 
sents a certain picture of this process. 

Fig. 5. The ratio between the relative growth rate (RGR) 
and relative absorption rate (IM) of nitrogen, phosphorus 
and potassium. Abscissa: the s tand density. Ordinate: va- 
lues of ratio RGR/IM. The curves are marked with the days 
of sampling. 
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I t  is natural tha t  RGR decreases as a result of densification of the culture as well as of the 
deficiency of elements. NAR is relatively insensitive to small changes of the medium, but  
registers a substantial change under extreme conditions (BRouw~.R 1963b). I ts  sensitivity in 
our opinion, can differ according to the reference value (leaf area, dry matter ,  chlorophyll 
content). In  numerous experiments a~ unambiguous diminution of NAR values was encountered 
with increasing stand density and lower light intensity (B~cx M~r  and WILSON 1951, IWAXl 
1958, BZ, ACKlW-AN and BLACK 1959, WATSO~ 1958, HOGETSU e$ al. 1960, SAWHNEY eta[ .  1959, 
BIax~ 1963, H o n ~ o v l  1967 and others). An intensive drop of NAR values can be seen in the 
resul ts  of  our experiment; NAR, a t  density "80" rises from the 22nd day of cultivation; on the  
42nd day of cultivation almost all NAR values are higher than  the  control values. In  the same 
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period the  chlorophyll content  is higher  t h a n  the  control  values in almost  M1 denser stands,  
the increments  of dry  mat ter ,  however, decreasing less markedly. This is no t  in agreement  
wi th  the  reaction to lower ion absorpt ion (LA~T0V~ and  M I ~  1969b). The deficiency of 
ions exercised quite ,mambiguous negative influence on the  chlorophyll content  in mg g-1 d.m. 
of the  tops, relatively more intensively t han  the  growth. The ~ A R  values rose sharply  wi th  
nu t r i en t  deficiency (LA~,I.6 v r ~  and  M r ~ i ~  1969a). We believe t h a t  another  factor played a role 
in  positively influencing the  N A R  values in dense s tands from the  22nd day  of cul t ivat ion,  
i.e. the  so-called self-thinning of plants.  In  a certain sense this  is comparable wi th  the  influence 
of p lant  th inn ing  (WATsO~ 1958). We believe t h a t  the  cause of self-tbinniug can be foun~ in 
the  keen competi t ion for light; the  growth differentiation, like the  differentiation of the  sun- 
flower in Ku~olwAs experiments (1960), s tar ts  already in the  first stages of cul t ivat ion even when 
the  germinat ing plants  wi th  the  growth max imum balanced, with  practically the  same stocks 
in the  cotyledons, were planted. I n  spite of these r ich stocks, we found dying of p lants  already 
in the  first sample. 

I t  can be assumed that  such a course as that  observed with the chlorophyll 
content in mg g-1 d.m. of the tops at stand densifieation will also be dis- 
played by the accumulation of ions in mg g-1 d.m., or, at least, the ac- 
cumulation will not decrease with density, if mineral nutrients are sufficient. 
In addition, a relatively higher accumulation of ions in the roots can be 
expected, because the roots are nearest to the ion source, and thus there is 
also a lower distribution index and the same or lower ion utilization. The 
results are almost in agreement with this assumption. The phosphorus ac- 
cumulation in denser cultures is in all cases higher than at density "5", 
being relatively higher in the roots. This is in agreement not only with the 
distribution index, but also with the utilization quotient. The accumulation 
of potassium in mg g-1 d.m. is very similar, but it is nearer to the values 
measured in the control plants. The accumulation of nitrogen, which, par- 
ticularly at the end of the experiment, is lower than in the controls, is not 
in agreement with the stated assumption. This is confirmed by the rising 
value of the utilization quotient and by the ratio of accumulated ions at 
the end of the experiment. The distribution to the shoots decreases here with 
stand densification. We believe that  the relatively lower accumulation of 
nitrogen in the experiments partly influences some processes so that  they 
proceed as in the case of deficiency of elements (RWR, utilization). We 
have said that  decreased absorption might be due to lower accumulation; 
we cannot say this with certainty, because the elimination of nitrogen and 
nitrogen substances, respectively, occurred in the first stages of plant growth 
in water culture in denser stands. The causes of this, however, could be 
other than those due to decreased concentration of nutrients (LA~T6VKX 
and MI~s 1970b). I t  was a great loss for the plants and not even a pro- 
portional absorption from the solution in dense stand could compensate for 
this deficiency. I t  must be mentioned that  the stocks in the cotyledons and 
the endosperm, respectively, are very important for plant growth not only 
in the period of germination, but also in further development (MIN~f~ and 
LA~Tt#VKA 1969). 

The results of ion accumulat ion can be compared wi th  the  influence of the  deficiency of 
nut r i en t s  (LAw and  ~ I n ~  1970b); the  lowered concentrat ion of nu t r ien ts  decreases 
significantly the  ion accumulat ion in mg g-X d.m., a fall of the  dis t r ibut ion index occuring, 
the uti l izat ion of elements, however, rising greatly. We completely failed to obta in  the  above 
quoted uti l izat ion quotient  in the  experiments wi th  s tand density, the  values of ni t rogen ac- 
cumulat ion in the  dense s tands not  being very  high either, and  indicating only the  low, never- 
theless existing, influence of this  factor. Finally, the  rat io RGR]IM bears this  out. This ratio 
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in contrast to the utilization quotient, is converted from the amount of ions absorbed by the 
plant. In  peas and other plants with supply organs, the relation between absorption and growth 
changes can be evaluated better than  by  the utilization quotient alone. I f  growth is limited by 
lower concentrations of nutrients,  it continues in a restricted manner only, owing to the trans- 
port  of nutrients from the supply organs, RGR/IM rises considerably (5 times to 40 times) 
(LA~T~-VKA and l~INkf~ 1970a, b). With stand density it rises two to three times, of course, 
substantially less; it should be balanced in the case of a sufficiency of nutrients. 

The results show that  the rising stand density is a major facto~ or com- 
plex of factors influencing the growth of plants. In dense stands, moreover, 
a lower accumulation of elements, particularly of nitrogen, appears. We 
can characterize the individual coefficients used by means of many values 
and of the observed dynamics of some processes in the experiment with 
reduced spacing of plants in the stand and in the experiment with decreased 
concentration of nutrients at the same spacing of plants in the stand. The 
fresh weight, the production of dry matter, RGR, the chlorophyll content 
in the shoots per plant, the accumulation of elements per plant, the  absorption 
of ions, and the distribution index come under the progressive influence of 
the two factors. The specific reaction of the plants to the two factors be- 
comes evident in the root-weight ratio, NA1% (chlorophyll), in the chloro- 
phyll content in mg g-X d.m. in the utilization quotient, and in RGR/IM. 
We present only processes which we have observed. 
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P~es zajiittlini dodtivky 6erstv6ho roztoku a kontrolu koncentrace ~ivm v n&dobgrch, podilela 
so sni~onti akumulace prvkfi, p~odevw dusiku, v hust~ch porostech na negatiwllm ovlivnfint 
rostlin. Se zvyw so hustotou porostu (5, 10, 20, 40 a 80 rostlin na 450 cm 2) byla podstatn~f 
redukov~na 6erstv& v~daa a su~ina jedn6 rostliny, klesala hodnota RGR, relativnl miry ab- 
aorpce I~ ,  obsah vw m~en3~ch prvkfl p~i p~epoStu na jednu rostlinu, obsah chlorofylfl na  
nadzemnf ~ jedn6 rostliny a distribu6ni index. B~hem kultivace do~ilo v hustw porostech 
k odumirtinf rostlin a k samoz~edov&ui porost6. 

Zastoupenl ko~en6 v celkov6 vs rostliny stoupalo, zvl~t~ na konci pokusfl. ~istgr mira 
asimflace (NAR), vzta~en& na ehlorofyl, s hustotou porostfl klesala; od 22. dne kultivace vitak 
NAR v hustot~ "80" mirnit stoupne, postupnii t6~i v dal~t~ch ni~w hustot&ch. P~i poslednlm 
mi~enl jsou t 6 m ~  v~echny hodnoty NAR nad kontrolnl hodnotou. Akumulace (v mg g-1 su- 
~iny) iontfl fosforu byla vestals vy~t~il v rostlinAch z hust~ch porost~ ve srovn~ni s hustotou "5",  
zvlg~t3t v ko~enech. BlizkA kontrole ("5") byla akumulace drasliku, n i~ i  dusiku. Kvocient 
utilizace fosforu a drash'ku je v hust$ich porostech stejn~ nebo nepatrni~ ni~.w ne~ v hustot~ "5".  
Mtilo vy$~tl ne~t v lrontrole je u dusiku. T65 pomiir RGR/I~  je ms vy~ i  v hust~ch porostech 
Zastoupenl ko~enft ve v~zo cel6 rostliny, akumulaco prvkf~ v mg g-~ suhiny, obsah ehlorofylu 
v mg g-~ su~iny, NARc~, kvocient utilizaee a pomfir RGR/I~  kvalitativn~i se odliw p~i zahuit- 
fov~ni porostfl (p~i pln6 miner~lnl v~iiv~) od vlivu deficience prvk6 p~i stein6 hustot~ porostu. 


