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Abstract. The effect of sowing density (21, 85, 340 and 3400 plants per 1 m ~) on the leaf 
area index (LAI), vertical arrangement of developing foliage and dry mat te r  production was 
investigated in stands of wheat  (Tritieum aestivum L. cv. Niva). 
1. With increasing sowing density. 

a) The LAI increased and the highest LAI = 9.6 was obtained with 3400 p lan t s ,  m -~. The 
largest development of foliage took place at  ear emergence with 85, 340 and 3400 
p lan t s ,  m -2, and in the flowering phase with 21 p lan t s ,  m -~. 

b) The overal leaf area duration was reduced, with a difference of 11 days between the lowest 
and the highest density. 

c) The number  of leaves formed per one stem increased from 5 to 8. 
2. An increase in the LAI affected the vertical distribution of leaf area and resulted in increased 

differences in relative light intensity between the top and bot tom layers of the leaf canopy. 
Differences in LAI were linked with differences in leaf area duration and in the relative 
proportions of leaves of different age in the total  number of leaves per 1 m ~. 

S. a ) S h o o t  dry mat ter  production increased with increasing density; the maximum of 
3811 g .  m -~ was obtained with 3400 p lan t s ,  m -~. 

b) The dependence of grain yield on sowing density had a parabolic character; the maximum 
yields of 470.1 g .  m -2 and 442.8 g .  m -2 were obtained with 340 and 85 p lan t s ,  m -2 
respectively. 

e) The optimum LAI for the formation of grain yield was 2.3 to 3.2. 
d) The crop growth rate (C) increased with increasing density; the highest mean recorded 

C ~ 594 g .  m -~ . week -1 corresponded to LAI ~ 9.6. 
4. Thinning the stands of 3400, 340 and 85 p lan t s ,  m -~ in the phases of the 3rd leaf (22 days 

after sowing) and of tillering (30 days after sowing) to the next  lower density resulted in 
a reduced LAI, leaf and tiller number, crop growth rate, shoot dry mat ter  production 
and grain yield as compared with both the initial and standard densities. 

The role of foliage with respect to both  maximum dry mater  production and maximum 
grain yield was defined by an optimum range of relations between the rate of foliage develop- 
ment ,  leaf area, vertical structure and distribution of light intensity within the stand operating 
as a self-controlling system. 

The growth and development of foliage and its overall photosynthetic 
rate are the main factors directly affecting the production efficiency of 
a plant stand. The size of the foliage with respect to the processes of growth 
and yield formation is usually characterized by the leaf area index (LAI) 
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which is defined as the  total leaf area over a given ground area (WATSON 
1947, 1956, NmHIPOROVICH, STP~GONOVA, C~MORA and VLASOVA 1961, etc.). 
The LAI affects greatly other growth characteristics, and therefore regarded 
as an important  criterion of the production efficiency of a stand. Maximum 
production is usually linked with the so-called opt imum LAI (DAVIDSON 
and DONALD 1958, WATSON 1958, WATSON and FRENCH 1962, etc.) whose 
value varies with different species. For example, WATSON (1958), BLACK 
(1963) and NICHIPOROVICtI (1963) quote LA!  values of 3 to 5 being opt imum 
for most crops under normal conditionS; BROUGHAM (1956) has demon- 
strated that  in grass stands the rates of dry matter  production do not  de- 
crease up to the LAI values of 5 to 9. Higher values of the opt imum LAI 
have been found e.g., in stands of Celosia cristata and Zelkowa serrata (4 to ~ 
11) and of Scilla hispanica (13) by SAEKI (1960) and BLACKMAN (1962) 
respectively. The differences in the values of opt imum LAI found in stands 
of different species have been explained by IWAKI (1958, 1959), SAEKI 
(1959, 1960, 1961), SAwXI and KUROIWA (1959), KUROIWA (1960), etc. as 
being due to differences in optical density and photosynthetic efficiency of 
t h e  foliage. These authors stress the importance of the vertical gradients 
of irradiation density within the stand. These gradients depend, in ~turn, 
on the structure of the stand and of its foliage. This structure is character- 
ized by the size and form of the leaves, by the vertical and horizontal dis- 
tribution of total leaf area, by the height, shape and variat ion of plants 
forming the stand, etc. At opt imum LAI, the irradiation density is evenly 
distributed in the foliage, being just above compensation point in the bot- 
tom layers of the leaf canopy. 

Stand densityl leaf canopy structure, a n d  distribution of irradiation 
density are closely inter-dependent variables in their effect on photosyn- 
thetic production. These multiple correlations are taken into account in 
mathematical  models of photosynthetic production in plant stands (e.g., 
I)E WIT 1965, BUDAKOVSKY and Ross 1966). The design of suitable and 
exactly fitting mathematical models depends, of course, on the supply of 
sufficient amounts of results of experimental work. In  this respect, data are 
also needed on the changes of growth characteristics during the develop- 
ment  of a plant stand. 

This paper intends to contribute to the understanding of the effects of 
vertical stand structure on various production characteristics in wheat 
grown at different sowing densities. Attention is paid to morphological 
changes of the plant~ during the growing period, and to the relative pro- 
portions in the foliage of leaves of different age. 

The following questions are being put: 

1. What is the opt imum LAI for attaining the maximum rate of shoot dry 
matter  production and maximum grain yield respectively; 

2. Under what conditions will the foliage have an opt imum vertical structure; 

3. What are the effects of sowing density and the resulting interference 
between plants on the growth of leaves and development  of foliage as 
well as on the rates of dry mat ter  production ? 
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Material and Methods 

Plants 

In the field experiments, the spring wheat variety Niva (Triticum aesti- 
vum L. vat. erythrospermum K6RN. CV. Niva) was grown at 4 sowing densities 
of 21, 85, 340 and 3400 plants per square meter (1 mS), spaced evenly at 
21-8 cm • 21.8 em, 10.8 cm • 10.8 cm, 5.4 cm • 5.4 cm and 1.7 cm • 
• 1.7 em, respectively. The size of  the experimental  plots was 9 m  2. The 

densi ty of 340 p lan t s ,  m -2 is the s tandard sowing densi ty of wheat  used 
in Central Bohemia. 

M e a s u r e m e n t s  t a k e n  

Number  of shoots formed per 1 m 2, total  leaf number  and relative pro- 
portions of leaves of different age, the total  leaf area index (LAI) and its 
distribution into different layers of folliage, the assimilating surface of 
stems and leaf sheaths, shoots d ry  weight and total  d ry  weight, grain yield 
per 1 m 2 and relative light intensi ty at different heights in the leaf canopy. 
In  one part  of the experiment, the  densities of 3400, 340 and 85 p lan t s ,  m -2 
were thinned to the next  lower densities in the phases of the 3rd leaf (22 days 
after sowing) and tillering (30 days after sowing), and the subsequent  changes 
of LAI, leaf and tiller number  per 1 m s and of shoot dry  weight and grain 
yield per 1 m s were recorded. 

From the measurements of total  (shoot § root) d ry  weight and leaf area, 
the mean values for the growing period of the following growth character- 
istics were calculated using the formulas given, e.g., b y  ~ESTXX, CATSKY, 
et. al. (1966): crop growth rate (C), defined as the weekly rate of total  d ry  
mat te r  production per 1 m s, relative growth rate (RGR), net  assimila- 
tion rate (NAR) and leaf area ratio (LAR). As the relation between LAI and 
total  d ry  weight was approximately linear, NAR  was calculated using the 
formula of WILLIAMS (1946), i.e.: 

NAR = (Ws -- W1). (lnAs -- In A1) 
( A s  - -  A ~ ) .  ( t s  - -  t 0  ' 

in which W1, W2 are the d ry  weight values and A~, A s are those of leaf area 
recorded in two subsequent  harvests taken at times t~, t s. 

The harvests were taken at the following phases of development:  tha t  of 
the 3rd leaf, tillering, shooting, ear emergence, flowering, milky ripeness, 
waxy  ripeness, i.e. 22, 30, 43, 55, 65, 76 and 96 to 107 days after sowing 
respectively. At each harvest  in each density, 3 parallel samples were taken,  
each from an area of 0"5 m s in the central par t  of the plot, leaving out  
0"5 m wide margins as guard rows. All values were calculated for a ground 
area of 1 ms. 

M e a s u r e m e n t  of leaf  area  

The area of each leaf was calculated as the product  of leaf length times 
maximum leaf width multiplied b y  a correction coefficient, according to 
NmTrn, m~ovica et al. (1961) -- see also tab.  1 --  and the leaf area index 
was calculated from these values. For the calculation of the  correction 
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coefficients, all leaf area was measured --  with a hand 91animeter --  of 
50 plants taken at random from each sowing density treatment at each 
phase of development.  

Table 1 
Correction coefficients for calculating leaf area from the product of the length times maximum 
width of the leaf blade 

Number Number of plants per 1 m 2 
of days 

after 21 t 85 340 I 3400 

sowing x 4" Sx x 4" Sx x =~ Sx x • Sx 

22 
43 
55 
76 

0-69 -t: 0 001 
0.69 4- 0001 
0.68 4, 0.002 
0.67 :t: 0.001 

0.69 ~ 0.002 
068 4. O.OOI 
0.67 • 0.001 
0.66 ::t: 0.001 

0.68 ~ 0.001 
0.68 ~ 0-001 
0.66 • 0.002 
0.65 -}- 0'001 

0.81 -~ 0.003 
0.80 • 0'001 
0.77 • 0.002 
0.70 • 0'002 

The area of leaves a t tached to each 10 cm section of culm was measured 
separately and the foliage was thus divided into portions, each consisting 
of leaf blades a t tached to one section. The mean surface area of the culms 
and leaf sheaths per 1 m ~ was calculated from the culm lengths (from 
coleoptile to ear base) and from the diameters of the lowest and uppermost  
internodes of both  the main culm and the tiller ones. 

Estimation of dry matter production 

The shoots growing on the sampling area were cut off just above the 
coleoptile, dried at 105 ~ C and weighed after 24 hours of drying. Grain yield 
per 1 m S of ground area was est imated at the end of the  growing period. 
Roots  were collected to the depth of 50 em from the same area, washed, 
dried and weighed in the  same way. In  view of the  difficulties the sampling 
of roots presented under field conditions, the  samples certainly did not  
comprise the whole root systems and the resulting values of root dry weight 
are only approximate.  

Light intensity 

Light intensi ty was measured on clear days at 11 a.m. with a selenium 
barrier layer photocell with a neutral  reduction filter. Measurements were 
taken in the open and within the  foliage at ground level and at the  heights 
of 5, 15, 25, 35, 45, 55, and 65 em above the ground. As a result, values 
were obtained of relative light intensity within the leaf canopy. 

Results and Discussion 

The sowing density of the wheat stands affected the leaf area index (LAI), 
the shoot and leaf  number per 1 m ~, and the characteristics of shoot growth 
(Fig. 1 - -  A, B, C, D, E). With increasing stand density, both the LAI and 
leaf area duration were increased (Fig. l - -A) .  At the time of  maximum 
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Fig. 1. L e a f  a rea  i n d e x  (LAI) ,  n u m b e r  o f  leaves ,  n u m b e r  
o f  t i l lers ,  shoo t  d r y  m a t t e r  p roduc t i on  a n d  g r a in  
y ie ld  in  s t a n d s  o f  d i f ferent  dens i ty .  
Absc i s sa :  n u m b e r  o f  d a y s  a f t e r  sowing;  
Ord ina te :  L A I  - -  m 2 . m -s  (A), n u m b e r  o f  l eaves  
pe r  1 m 2 (B), shoo t  d r y  m a t t e r  p r o d u c t i o n -  
g .  m - s  (C), g ra in  yie ld  - -  g .  m -z (D) a n d  n u m -  
be r  o f  t i l lers  pe r  1 m s (E). 
Dens i t i es :  / k - - / k  - - 2 1  p l a n t s ,  m-S;  A - A -  
85 p l a n t s . m - 2 ;  O " "  O - 340 p l a n t s  . m-S;  
�9 - � 9  - 3400 p l a n t s . m  -s .  

Fig. 2. 

Fig.  3. 

Fig.  4. 

Ver t i ca l  d i s t r i bu t i on  o f  l ea f  a rea ,  c u l m  a r e a  a n d  
t h a t  o f  l ea f  s h e a t h s  a n d  t h e  ver t ica l  l i gh t  profiles 
in  s t a n d s  o f  d i f ferent  dens i ty .  
A b s c i s s a - b o t t o m :  lea f  a r e a  ( ), c u l m  a n d  
l e a f - s h e a t h  a r ea  ( . . . .  ) - -  b o t h  mS; top :  re la t i -  
ve  l igh t  i n t e n s i t y  in  d i f ferent  c a n o p y  l aye r s  ex-  
p re s sed  as  p e r c e n t a g e  of  l i gh t  i n t e n s i t y  in t h e  
open  ( 0  0 ) ;  
Ord ina te :  h e i g h t  o f  c a n o p y  l aye r s  in  c e n t i m e t e r s  
m e a s u r e d  f r o m  g r o u n d  level�9 Dens i t ies :  21, 85, 
340, 3400 ( p l a n t s .  m-S),  A - -  43 d a y s ,  B - -  55 
d a y s ,  C --  66 days ,  D --  76 d a y s  a f t e r  sowing.  

C hanges  of  t h e  n u m b e r  o f  l eaves  o f  differen~ ag  e 
d u r i n g  t h e  v e g e t a t i o n  per iod  in  s t a n d s  o f  diffe.  
r e n t  dens i ty .  
Abse i sa :  n u m b e r  of  d a y s  a f t e r  sowing;  
Ord ina te :  n u m b e r  o f  l eaves  per  1 m s . 1, 2, 3, 4, 
5, 6, 7, 8 - -  o rder  of  l eaves  f r o m  t h e  o ldes t  to  
t h e  y o u n g e s t  ones.  

Ave rage  va lue s  of  L A R ,  N A R ,  R G R  a n d  C (crop 
g r o w t h  r a t e ) f o r  t h e  whole  v e g e t a t i o n  per iod  in  
u n t h i n n e d  ( �9 �9 ) s t a n d s  a n d  in t h o s e  t h i n .  
n e d  in t h e  phase  of  t h e  3rd l ea f  ( � 9  . . . .  � 9  
or  in  t h a t  of  t i l ler ing ( � 9  . . . .  �9 ). 
Absc i s sa :  l o g a r i t h m  of  s t a n d  dens i t y  = n u m b e r  
o f  p l a n t s  ; m-n ;  
Ord ina te :  L A R  --  d m  s . g - I , N A R  - -  g . d m  -s  
�9 week  ~1, R G R  --  g . g - , . w e e k - ,  a n d  C - -  g 
�9 m - s  . week  -1. 
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development at ear emergence and flowering, the LAI values were 0"9, 2'3, 
3"2, and 9'6 with the sowing densities of 21, 85, 340 and 3400 plants,  m - s  

respectively. The greatest differences in LAI values were observed in the 
first half of the growing period, this being due to the differences in the rates 
of foliage development. With increasing density, the rate of foliage develop- 
ment increased whereas the duration of maximum leaf' area was reduced, 
and the decrease of LAI values after reaching the maximum was more 
rapid. The highest LAI was reached just before flowering (55 days after 
sowing) with 85, 340 and 3400 plants, m-S; with 21 plants, m -s, the maximum 
was reached 10 days later. The figure 1-A also shows that  with increased 
LAI the time of active life of the foliage was shorter: the difference between 
the lowest and highest densities was 11 days. With 3400 plants, m -s, the 
curve of changes of LAI during the growing period had two peaks and its 
character corresponded with the changes in leaf number per 1 m S, in the 
same way as with the other densities (Figs. 1-B and 3). 

Both the rate of foliage development and the duration of its physiological 
activity are important controlling mechanisms within the stand. The pro- 
duction efficiency of the foliage depends not only on the magnitude of LAI 
but also on its changes during the growing period. The importance of the 
time factor has been stressed by WATSON (1956): In wheat stands, the LAI 
values are smaller than 1 over more than one half of the growing season; 
the control of LAI and of its time changes plays therefore an important 
role in increasing the yield. According to NICHIPOl~OVIC~ (1964), a forma- 
tion of foliage which goes on either too rapidly or too slowly, results in 
decrease of production because of the unfavourable changes it brings about 
in the direction and rate of assimilate transloeation. Different species thus 
appear to have different requirements with respect to both the rate of form- 
ation and duration of active life of the foliage. In cereals, for instance, 
where the aim is to obtain the highest possible grain yield, the foliage should 
develop relatively slowly and the maximum LAI values should not be very 
high, but the leaves should die off rapidly at the end of the growing period. 
The situation is quite reverse in crops which should give the highest possible 
yield of vegetative parts. 

Figure 1-E shows the changes of LAI which were closely linked with the 
rates of both tiller and shoot formation in the first half of the growing 
period. Plants grown at the density of 3400 plants,  m -~ did not form any 
tillers and the total number of shoots per 1 m s was reduced by 6 per cent 
by the end of the growing period. Apart from the differences in tillering 
between the densities of 340, 85 and 21 plants,  m -s, the shoot number per 
1 m S was highest in the phases of shooting and ear emergence, with the 
maximum values differing only little from one another. Similar changes 
were observed by T ~ o ~ E  (1962) in stands of barley. According to this 
author, the dying off of shoots results mainly from severe competition with 
other ones on the plant. In our experiments comparison between individual 
densities show that  with increasing tiller formation the dying off of tillers 
was also enhaced. Not only did the rate of tillering increase with increasing 
stand density but also the waxy ripeness set on later and the leaf area 
duration was extended. According to NA~DA et al. (1959), the retardation 
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of the development of wheat plants, connected with an increase in tillering 
rate, is brought about by changes in phosphorus metabolism. 

The changes of LAI found in the experiments referred to in this paper 
have confirmed NIc~:rol~ov:cE's (1966) conclusion on the differences in 
foliage development existing between stands of optimum, supra-optimum 
and sub-optimum densities as affecting both dry matter  production (bio- 
logical yield) and grain production (economic yield). While increased density 
brought about an increase in shoot production (the maximum of 3811 g .  m -~ 
was obtained with 3400 plants ,  m -2, rio'. 1-C), the relation between density 
and grain yield had a parabolic character with maximum values (471" 1 g. m -S) 
obtained with 340 plants ,  m -2 (fig. l-D). The corresponding LAI was 3"2, 
which is near the lower limit of the range of LAI values regarded by 
NICHIPOROVIClSI (1963) as opt imum for wheat, i.e. LAI ----- 3 to 4. On the 
other hand, a decrease in LAI by about 1/3 -- wRh 85 plants ,  m -~ the 
LAI was 2"3 -- resulted in an only slightly and insignificantly lower grain 
yield (442,8 g .  m-S). I t  seems therefore that  a rather wide range of LAI 
values may be regarded as opbimum for seed production, even under one 
set of environmental conditions. According to LUDV:G, SAEK: and EVANS 
(1965), wide ranges of the optimal LAI are conditioned by similar values of 
net  photosynthesis. This similarity results, mainly from the balance of 
different photosynthetic and respiration rates in lower and upper layers of 
foliage. 

The differences in rates of production depending on differences in sowing 
density and LAI can be explained -- apart from other factors -- also by 
the differences in leaf arrangement. This was followed between shooting 
and milky ripeness (fig. 2 -- A, B, C, D). During this p:riod, changes took 
place in the number,  height and size of individual leaf layers. The denser 
the stand the more rapidly died off the basal leaves. In  the densest s tand 
(3400 plants ,  m-S), the lowest leaves died off already in the shooting phase 
and only 3 out of 6 leaf layers were left in the phase of milky ripeness whereas 
with 21, 85 and 340 plants ,  m -2, the lowest leaf layers began to die off only 
in the phase of ear emergence. With all densities, the areas of individual 
leaf layers underwent marked changes: at the ear emergence and flowering 
phases, when the foliage was fully developed, the leaf layer between 20 and 
30 cm had the largest area with 3400 and 340 plants ,  m -~ whereas with 
85 and 21 p lants ,  m -s, it was the leaf layer between 10 and 20 cm that  
had the largest area. The density-induced different rates of leaf dying-off 
changed also the relative positions of the largest leaf layers. At the phases 
of flowering and milky ripeness, the leaf layers having the largest leaf area 
were situated at 50 to 60 and 40 to 50 cm with 3400 and 340 plants ,  m -2 
respectively, and were at 30 to 40 cm with the other two densities of 85 
and 21 p lants ,  m -~. The figure 2-B, C shows the distribution of the assimil- 
atory surface of leaves and leaf sheaths in the stands, and the relative light 
intensities in different leaf layers at the time of the highest LAI. Measure- 
ments of relative light intensities have shown that  the experimental stands 
intercepted 12 to 96 per cent of total incedent light energy, the relative 
interception depending on stand density. With increasing density and height 
of the stand, the mean relative intensity of the light falling on one leaf 
layer was reduced and greater differences were found in relative light in- 
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tensity between the top and bot tom leaf layers. The differences in the 
vertical distribution of relative light intensity along the light profiles de- 
monstrate that  the differences in optical density, found between the stands, 
were, among other factors, due to the differences in vertical leaf distribu- 
tion. The exponential character of the relation between relative light in- 
tensity and the number,  area, transmision and height of individual leaf 
layers demonstrates that  the densiest stands intercepted most of the in- 
coming light in the top layers (the lowest 3 layers received only 6 to 10 per 
cent of full illumination) whereas with the other three densities the light 
was more or less evenly distributed throughout  the foliage. The changes in 
the position and size of leaf layers and in the relative amounts of light they 
received may be explained in accordance with the results and conclusions 
of SAEKI (1960, 1961). The reduction of light intensity to values below the 
compensation point and the resulting unfavourable balance between respira- 
tion and photosynthesis bring about a more rapid dying off of the bot tom 
leaf layers and interfere, especially in annual plants, with the translocation 
of assimilates to generative organs. For this reason, it is justified to con- 
sidere the dependence of the economic yield on the size and structure of 
the foliage although the direct participation of ear photosynthesis in grain 
formation must be taken into account. I t  is evident that  the formation of 
the opt imum size and structure of foliage in wheat was linked with the 
potential interception of 51 to 74 per cent of the incoming light energy. 

For the understanding of the role foliage plays in determining the pro- 
duction rate of a stand, the "qualitative" side of the foliage structure is 
also important.  This includes the assessment of the numbers and relative 
proportions in the foliage of leaves of different age (fig. 3). The total number  
of leaves produced per a individual shoot was different with each density: 
5, 6, 6 and 8 leaves were formed with densities of 21, 85, 340 and 3400 
p lants ,  m -2 respectively. The greatest heterogenity in the foliage, expressed 
in terms of the age difference between the relatively oldest and youngest 
leaves in the foliage, was found in the period between shooting and flowering. 
The duration of the period for which each leaf is physiologically active is 
of great importance from the point of view of yield formation. With in- 
creasing density, the leaf area duration was extended, especially in old 
leaves. I t  seems a reasonable assumption that  the more rapid dying off of 
the  leaves at the highest density was responsible for the change in the rate 
and direction of assimilate transport  which, in turn, had an unfavourable 
effect on plants'  growth and development and the formation of generative 
organs. 

In drawing comparisons of the numbers of leaves of different age in stands 
of different density, it should not  be forgotten tha t  qualitative differences 
exist between leaves on the main culms and those on the tiller ones. This 
difference was found in wheat, e.g. by K~AVTSOVA (1957). 

Changds in the environment within the s tand resulting from thinning 
the stands of 3400, 340 and 85 plants ,  m -2 to the ~ext lower density in the 
phases of the 3rd leaf and tillering, were reflected in a decreased LAI, leaf 
and tiller number per 1 m ~, mean crop growth rate, and grain yield in com- 
parison with both the initial densities and with the unaltered ones used 
as standards (tab. 2); the relative proportion between the densities, however, 
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remained unchanged. I t  may be therefore assumed that  the specificity of 
the self-controlling relations operating within the stands had been established 
in the earliest phases of development. A comparison of the stands' reaction 
to thinning indicates that  changing the stand environment in the later 
phases of development markedly affected the values of the growth and 
production characteristics. According to WATSON (1958), IWAKI (1958), 
NICHIPOI~OVICH (1964) and HI~oI and MoNsI (1966), smaller values of the 
characteristics may be ascribed to the changes in the relation between LAI 
and NAR. In our experiments with wheat, the mean value of EAR decre- 
ased with increasing LAI (fig. 4) in both thinned and unthinned stands. 
According to NIc~IPO~OVICH (1964), the optimum relation between LAI 
and NAR is achieved, in theory, when the NAR acauires values which are 
about one half of the highest NAR possible under a given set of conditions. 
In the experiments with wheat, referred to in this paper, the mean NAR was 
0'68 g.  dm -~ . week -1 with 3400 plants,  m -~. This is approximately one 
half of the value obtained with 21 plants, m -s, i.e. 1"21 g.  dm -~ . week -1. 
On the other hand the EAR mean values corresponding to the LAI 
which was optimum for grain production were relatively low, 0"89 to 
0"90 g.  dm -~ . week -1. This demonstrates that  both the size and structure 
of foliage reauired for attaining a high economic yield of wheat were dif- 
ferent from those resulting in a high biological yield. Moreover, the reduction 
of mutual shading of the leaves following thinning the stands did not result 
in mean higher values of NAg  and of crop growth rate as compared with 
the standards. WATSO~r and F~ENCH (1962) found in kale that  crop growth 
could be increased by reducing the LAI to its optimum value. In our ex- 
periments with wheat, the LAI did not reach the values needed for attaining 
maximum production in any of the thinned stands. Although the order of 
densities was preserved, thinning appeared to be a rather drastic treatment 
bringing about changes in the soft and microclimatic conditions which had 
an unfavourable effect on the morphogenetic develcpment of the plants. 
ttUG~ES and EVANS (1962) observed an increase in the values of NAR and 
RGR after transferring the plants of Impatiens parviflora from a lower 
light intensity to a higher one. The reaction of our wheat stands, however, 
was in agreement with the conclusions of BjSRKMAN and ttOLMG~EN (1963), 
drawn from experiments with Soildago virgaurea. According to these authors, 
an increase in light intensity brings about a decrease of photosynthetic 
activity in leaves of plants that  were grown under low light intensities. In 
these leaves, both the photochemical capacity and the photosynthetic rate 
at light saturation seem to have been affected. The reaction of the thinned 
stands of wheat shows clearly that  development of a given stand in a given 
environment is determined from its very early phases. This is in agreement 
with NICHIPo~owcH's (1966) theory of the self-controlling character of 
a stand's development. 

Conelusions 

The results of the experiments carried out with wheat stands of different 
density have demonstrated that: 
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1. The correlations between LAI  and dry  mat ter  production were different 
from those between LAI and grain yield: The highest dry  mat ter  pro- 
duction was obtained with LAI ~ 9"6 whereas the highest grain yield 
was obtained in stands with LAI  = 2.3 to 3.2. Increased s tand densi ty 
resulted in decreased NAR and R G R  mean values. The highest dry mat ter  
production was at ta ined with a mean N A R  ~ 0.68 g .  dm -2 . week-~ but  
the yield was highest with N A R  = 0.89 to 0.90 g .  dm -2 . week-L 

2. The vertical structure of the foliage could be regarded as opt imum when 
the leaf area was evenly distr ibuted in the s tand and 51 to 74 per cent 
of incoming light energy were intercepted b y  the leaf canopy. 

3. The development of the foliage was determined in the very early phases 
of the plants '  development b y  the specificity of self-controlling reactions 
within the stands: decreasing the density and LAI  of the developing 
stands by  thinning had a negative effect on their growth and production 
characteristics. 
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D. HOD~OVA, ~ s t a v  exper~nentAlnl bo tan iky  ~SAV, Praha:  V~vo| a s t ruktura  z~po|e 
i i s tovi  v rfizn6 hust~ch porosteeh p~enice, - -  Biol .  P lant .  9 : 424- -438 ,  1967. 

Bylo studovs prostorov6 51en6nl vyvljejielho se zApoje listovl pw ( T r i t i u m  aesti- 
rum L. ev. Niva) a zAvislost produkt iv i ty  porostu, nadzemnl  produkce su~iny a v:~nosu zrna 
n a  rozdiln6 hustot6 porostu (21, 85, 340 a 8400 rostl in n a m  ~) a zm6n~eh pokryvnost i  listovi. 
1. a) Se zvyw hus to ty  porostu 

a) se zvy~ovala pokryvnost  llstovi (maxims LAI  = 9,6 byl  dosa~en u var ianty  3400): 
nejv6tw rozvoje povrchu listovl v prflbShu vegetace dosAhly var ian ty  85, 340 a 3400 
ve fs met~nl  a va r i an ta  21 ve fAzi kvetenl ;  

b) zkraeovala se fihrnn~ d61ka ~.ivota z~poje listovl (rozp~tl mezi kra jnimi  var ian tami  ~i- 
nilo 11 dnl); 

c) zv6t~il se po~et listfi vytvo~en~ch na  jednom st6ble z 5 na  8. 
2. Se zv6t~enlm LAI  se zmen~ilo rozp6ti zastoupeni listov6 plochy v jednotliv:~ch patrech po- 

rostu a zv6tw se rozdll mezi re la t ivni  hus to tou  ozA~eni spodnich a hornlch pa ter  listfl. 
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Zm~na velikosti LAI byla spojena s rozdilnou integrg~lni listovou plochou a rozdilnou 
dynamikou 5etnosti l isth na  m ~ podle jejich sthH. 

3. a) Se zvy~ov~nlm hus to ty  vzrhstala  produkce nadzernnl  su~iny: maxims produkci su~iny 
vytvo~ila var ian ta  3400 (3811 g .  m-~); 

b) zs hospod~sk~ho v:~uosu na  hustot~ porostu m~la parabolick~ charakter  s maxi- 
ms v~nosem zrna u va r i aa ty  85 a 340 (442,8--470,1 g .  m-~); 

c) op~ims velikost LAI v dan:~ch experimentg~lnich podminks byla s ohledem na  v~aos 
zrna = 2 , 3 - - 3 , 2 ;  

d) se zvyw husto ty  se zv~t~ila prSm~rns produkt iv i ta  porostu: maxim~lnl  produkti-  
vit~ (C = 594 g .  m-~/t:~den) odpovldal LAI = 9,6. 

4. Protrhhrd varian~ 3400, 340 a 85 v obdobl f~ze 3. listu (22. den po v~sevu) a odno~ovhni 
(30. den po v:~sevu) na  nejbli~.$1 ni~w hus to tu  m~lo za n~sledek zmen~eni LAI,  poStu listfi 
a odno~i, nadzemnl  produkce suw a v~nosu zrna jak ve vz t ahu  ke kontrolnim tak  i v:~- 
ehozlm hustot~m. 
Funkce z~poje listovi pSenice s ohledem na  maxim~lni  produkei su~iny a v~Tnos zrna byla  

vymezena  optims rozp~tim autoregulaSnieh vztahfi  mezi intensi tou vytvs povrchu 
listovi, jeho velikosti, prostorovou s t rukturou a distribuei zA~enl uvnit~ porostu jako celistv6ho 
ayst6mu. 

~ FO~AHLOBA, I/IHcTrITyT DncnepHMeHTan~HOfi 6OTattHI~H HCAH, YIpara: PaaBHTHe 
X p~cHpe~Ie~eHHe n~onla~IH JIHCTbeB HmeHHn~,l B noceBax paa~nqHOfi n~OTnOCTm - -  Biol .  
Plaf i t .  9 : 424- -438 ,  1967. 

I/IayqanHcb ~HnaMHna paan~Tng n HpocTpaHCTBeHHoe pacnpe~e~eHHe nnoma~g  ~ c T ~ e n  
n m e H g ~ u  (Triticum aestivum L. cv. Niva)  ~ 8aBIICr[MOCTt, 11po~ynTHBHOCTH nocena,  na~-  
3e inof i  npo~Iyn~H~ cyxoro nemecTBa H ypoma~ aepHa OT p a a ~ q H o f i  ryCTOTM CTOUHHg 
pacTen~fi (2i ,  85 ,340  ~ 3400 pacTeHnfi ~a M ~) ~ naMe~euH~ OT~OCUTen~Ofi n ~ o m a ~  n~CTben. 
I .  Y n e ~ q e H ~ e  FyCTOTM CTOHHII~I paCTeHHfi n~I3h~Ba~O: 

a) y~e~qeHHe ~I~CWO~OrO uH~enca (MaKCHMaJI~HOrO 3 ~ a ~ e H ~  JI = 9 , 6  6 ~ o  ~OCTUr~yTo 
B rycwowe 3400): canoe  HHTeHC~Buoe pa3B~VHe l~nonla~H ~cw~,en 6u~o up~pyqeHo 

~aaaM nonomeHr~  (rycTOT~ 85, 340 ~ 3400) ~ I~neweH~ (rycwowa 21); 
5) ynopoqen~e oSmefi ~ u H ~ t  m~aH~ n~CTSeB (paa~H~a M e ~ y  npafiH~M~ rycwoTaM~ 

cocwaBJIi~Ia 1t ~Itefi); 
B) y n e ~ q e ~ e  qHc~a JIHCTBeB, oSpa3OBaHHMX Ha O~HOM cTe6ne c 5 ~a 8. 

2. C yBe~I~qeHr~e~ ~I~CTOBOrO HH~enca yMeubmanoc~ BepT~na~BHoe pacnpe;~eneHHe n n o n l a ~  
JIHCTBeB B 1]oceBe H yBe~mqi~Banac~, pasH~Ha Mem~y OTHOCHTeJIBHOH HHTeHCHBHOCTBIO 
OCBeI~eHHH HHH~HHX H BepXHHX upycoB JIHCTBeB. H3MeHettrle OTHOCHTeJIBHO~I n~oma~H 
JIHCTBeB 6BUIO CB~I3aHO C H3MeHeHHeM (~OTOCIIHTeTHHecno~ MOI]]~HOCTII noceBa H c pa3- 
~HqHOfi BoapacT~Ofi ~HHaMHEO~ qHCJIa JIIICTBeB Ha e ~ H ~ y  n~onla~Im 

3. a) Y~e~u~eH~e FyCTOTBI noceBa BMa~Ba~o y B e ~ e ~ e  Ha~3eMttO~I n p o ~ y ~ H ~  cyxoro  
BemecTBa: Ma~c~Man~au  n p o ~ y n ~ u  = 381i riM ~ 5h~na 7IOCT~r~yTa B ryCTOTe 3400; 

5) 3aBHCtIMOCTB y p 0 ~ a ~  3ep~a OT ryCTOT~I nocena noc~na  napaSo~H~ecnHfi xapanTep 
c M a K c ~ a n ~ u ~ m  8tta~Iett~IHMl~ B rycToTax 85 ~ 340 (442,8--470,1  r/~2);  

B) OIITHMaFIBHflH Be~IHHHHa JI rio OTHOmeHHK) K MaEcHMaJIBHOMy ypomam 8epHa B ~aHH~IX 
oHcnep~euwan~H~IX ycnonHux 6 ~ a  p a s h a  2 ,3 - -3 ,2 .  

r) c yBe~IH~eH~eM FyCTOTI)I y B e ~ H ~ n a c h  cpe~H~a IIpO~yKTHBHOCTB noceBa: MaI~ctIMa~IB o 
HOfi npo~yRT~BHOCTH (C = 594 r/M2/He~Ie~IH) oTne~a~I JI ---- 9,5. 

4. H 3 p e m ~ B a ~ e  noceBoB ~ ~ase  3. n~cTa (22. ~IeHs eereTauHH) ~ n y m e n ~  (30. ~em, 
n e r e T a ~ H )  no HanpaBneHmo ~ 6nHmafime~ a~ame~ rycToTe s ~ 8 ~ a n o  yMeHsmeu~e 
ynaaawenefi JI, ~c~ Ia  JIHCTBeB H 60KOB5IX no6eroB, 1]po~yRTHBHOCTH noceBa H ypo~aa  
3epHa naE no OTHOIIIeHHIO n IICXO~HLIM TflH H I~OHTpOJIBHBIM FyCTOTaM. 

OnwiIMa~lbna~l (~yHn~IIIg nnomaa~ JIHeTLeB np~ ~OpMnponaHH~ @onorHqec~oro ~ xoaafi- 
CTBel:IHOFO ypoman 5~na onpe~e~ena aBTOperyzIHRHOHHMMH n3aHMOOTHOmeg~g~ig M e ~ y  
nnTencH~OCT~m oSpa3o~aH~a n~oma;m n~cTses, ee npocTpaHcTneHHofi cTpynTypofi, 
n e ~ n o f i  n n c T o ~ o r o  ~ e n c a  ~ o n T ~ u e c ~ o f i  nnownocw~r3 nocena Rag ~enocT~ofi CgCTeMhI. 


