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Abstraet. 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 matter production was
investigated in stands of wheat (Triticum aesttvum L. cv. Niva).

1. With increasing sowing density.

a) The LAI increased and the highest LAI = 9-6 was obtained with 3400 plants . m-2. The
largest development of foliage took place at ear emergence with 85, 340 and 3400
plants . m~2, and in the flowering phase with 21 plants . m—2

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

¢) The number of leaves formed per one stem increased from 5 to 8.

2. An increase in the LAT affected the vertical distribution of leaf area and resulted in increased
differences in relative light intensity between the top and bottom 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?.

3. a) Shoot dry matter production increased with increasing density; the maximum of

3811 g . m~? was obtained with 3400 plants ., m-2,

b) The dependence of grain yield on sowing density had a parabolic character; the maximum
yields of 470-1 g.m~? and 442-8 g.m~2? were obtained with 340 and 85 plants . m~?
respectively.

¢) The optimum LATI 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~2. week™! corresponded to LAI = 9-6.

4. Thinning the stands of 3400, 340 and 85 plants . 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 matter 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
a3 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, NICHIPOROVICH, STROGONOVA, CHMORA and VLasova 1961, etec.).
The LAT 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 optimum LAI (Davipsow
and DowvaLp 1958, Watson 1958, WarsoN and FRENCH 1962, etc.) whose
value varies with different species. For example, WaTson (1958), Brack
(1963) and N1cuHIPOROVICH (1963) quote LAI values of 3 to 5 being optimum
for most crops under normal conditions; BroucHAM (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 optimum LAI
have been found e.g., in stands of Celosia cristata and Zelkowa serrata (4 to
11) and of Scilla hispanica (13) by Samx: (1960) and BrackMAN (1962)
respectively. The differences in the values of optimum LATI found in stands
of different species have been explained by Iwakr (1958, 1959), SAEKI
(1959, 1960, 1961), Saer: and Kurorwa (1959), Kurorwa (1960), etc. as
being due to differences in optical density and photosynthetic efficiency of
the. 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 variation of plants
forming the stand, etc. At optimum LAI, the irradiation density is evenly
distributed in the fohage being just above compensation point in the bot-
tom layers of the leaf canopy.

Stand dens1ty, leaf canopy structure, and 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.,
DE Wir 1965, BupagovskYy 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 plants 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 optimum LAT for attaining the maximum rate of shoot dry
matter production and maximum grain yield respectively;

2. Under what conditions will the foliage have an optimum 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 matter production ?
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Material and Methods

Plants

In the field experiments, the spring wheat variety Niva (Triticum aesti-
vum L. var. erythrospermum KORN. cv. Niva) was grown at 4 sowing densities
of 21, 85, 340 and 3400 plants per square meter (1 m?), spaced evenly at
21-8 em x 21:8 ¢m, 10-8 em X 10:8 cm, 54 ¢cm X 54 ¢cm and 1-7 em X
X 17 cm, respectively. The size of the experimental plots was 9m?. The
density of 340 plants . m-? is the standard sowing density of wheat used
in Central Bohemia.

Measurements taken

Number of shoots formed per 1 m?, 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 dry weight and total dry weight, grain yield
per 1 m? and relative light intensity at different heights in the leaf canopy.
In one part of the experiment, the densities of 3400, 340 and 85 plants . 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? and of shoot dry weight and grain
yield per 1 m? were recorded.

From the measurements of total (shoot -+ root) dry 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., by S8Estix, CaTskY,
et. al. (1966): crop growth rate (C), defined as the weekly rate of total dry
matter production per 1 m?, relative growth rate (RGR), net assimila-
tion rate (NAR) and leaf area ratio (LAR). As the relation between LAT and
total dry weight was approximately linear, NAR was calculated using the
formula of WiLLiams (1946), i.e.:

(W, — W,). (InA, — In A))
(Ap — Ay) . (b, — ) ’

in which W;, W, are the dry weight values and A,, A, are those of leaf area
recorded in two subsequent harvests taken at times t,, t,.

The harvests were taken at the following phases of development: that 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, 8 parallel samples were taken,
each from an area of 0-5 m? in the central part of the plot, leaving out
0'5 m wide margins as guard rows. All values were calculated for a ground
area of 1 m2

NAR =

Measurement of leaf area

The area of each leaf was calculated as the product of leaf length times
maximum leaf width multiplied by a correction coefficient, according to
NicuIrorovicH 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 planimeter — 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?
fd

® et 21 85 340 3400

sowing X+ sx X + sx X 4 sx X & sx
22 0-69 4+ 0 001 0-69 + 0-002 0-68 + 0-001 0-81 4 0-003
43 069 + 0001 068 + 0-001 0-68 & 0-001 0-80 + 0-001
55 0-68 - 0-002 0-67 4- 0-001 0-66 + 0-002 077 -+ 0-002
76 067 4+ 0-001 0-66 4 0-001 065 + 0-001 0-70 + 0002

The area of leaves attached to each 10 cm section of culm was measured
separately and the foliage was thus divided into portions, each consisting
of leaf blades attached 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? of ground area was estimated at the end of the growing period.
Roots were collected to the depth of 50 cm 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 intensity 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 cm 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 m2, 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. 1—A). At the time of maximum
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Fig. 1.

Leaf area index (LAI), number of leaves, number
of tillers, shoot dry matter production and grain
yield in stands of different denmsity.

Abscissa: number of days after sowing;

Ordinate: LAT — m?.m~% (A), number of leaves
per 1 m? (B), shoot dry matter production —
g.m"2 (C), grain yield — g.m"2? (D) and num-
ber of tillers per 1 m? (E).

Densities: A—A — 21 plants . m~2; A—A —
85 plants . m-2; O ---(O — 340 plants . m~%;
®—@® — 3400 plants . m—2.

Fig, 2.

>

Vertical distribution of leaf area, culm area and
that of leaf sheaths and the vertical light profiles
in stands of different density.

Abscissa-bottom: leaf area ( ), culm and
leaf-sheath area (----) — both m?; top: relati-

© ve light intensity in different canopy layers ex-

Fig. 3.

Fig. 4.

pressed as percentage of light intensity in the
open (@ ®);

Ordinate: height of canopy layers in centimeters
measured from ground level. Densities: 21, 85,
340, 3400 (plants . m™2%), A — 43 days, B — 55
days, C — 66 days, D — 76 days after sowing.

Changes of the number of leaves of different age
during the vegetation period in stands of diffe-
rent density.

Abscisa: number of days after sowing;

Ordinate: number of leaves per 1 m?.1, 2, 3, 4,
5,6, 7, 8 — order of leaves from the oldest to
the youngest ones.

Average values of LAR, NAR, RGR and C (crop
growth rate) for the whole vegetation period in

unthinned (@ @) stands and in those thin.
ned in the phase of the 3rd leaf (@ ---- @)
or in that of tillering (@ .... @).

Abscissa: logarithm of stand denSIty = number
of plants ; m=?

Ordinate: LAR — dm?,g"1, NAR — g.dm™*
.weekl, RGR — g.gl.weekland C — g
. m~2 . week-1. ‘
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200 - 5 21 RGR

00 ‘L
03 ;

01

600

|
|

i} J J LAR
J

400
—
200 w
500 NAR
#
600 W
09
400
s WAN
200 o \,‘
0
03
o1
3000
600 yal
2000
i 400 /
1000 200 /
-
A
0
| ST NI B L 0

0 22 43 65 96 107 o 100 10° 10



DEVELOPMENT AND STRUCTURE OF FOLIAGE 431

development at ear emergence and flowering, the LAI values were 09, 2:3,
32, and 9'6 with the sowing densities of 21, 85, 340 and 3400 plants . m—2
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~2; with 21 plants . m~-2, 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-2, the
curve of changes of LAT during the growing period had two peaks and its
character corresponded with the changes in leaf number per 1 m?, 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 LATI and of its time changes plays therefore an important
role in increasing the yield. According to Nicu1PoroVICH (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 translocation. 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-2 did not form any
tillers and the total number of shoots per 1 m? 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-2, the shoot number per
1 m? 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 THORNE (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 NaxDa 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 NicHIPOROVICH'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-2
was obtained with 3400 plants . m—2, fiz. 1-C), the relation between density
and grain yield had a parabolic character with maximum values (471'1 g. m~2)
obtained with 340 plants . m-? (fig. 1-D). The corresponding LATI was 3-2,
which is near the lower limit of the range of LAI values regarded by
NicrrporOVICH (1963) as optimum for wheat, i.e. LAY = 3 to 4. On the
other hand, a decrease in LAI by about 1/3 — with 85 plants.m-2 the
LATI was 2'3 — resulted in an only slightly and insignificantly lower grain
yield (442,8 g . m-2). It seems therefore that a rather wide range of LAI
values may be regarded as optimum for seed production, even under one
set, of environmental conditions. According to Lupvie, Sagk1 and Evans
(1965), wide ranges of the optimal LAT 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 pzriod, 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 stand
(3400 plants . m~2), 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 an:
30 cm had the largest area with 3400 and 340 plants . m—2 whereas with
85 and 21 plants . m~2, 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 plants . m—-2. 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 bottom 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 SAEkT (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 bottom
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. It is evident that the formation of
the optimum 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
plants . 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. It 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 that qualitative differences
exist between leaves on the main culms and those on the tiller ones. This
difference was found in wheat, e.g. by Kravrsova (1957).

Changes in the environment within the stand resulting from thinning
the stands of 3400, 340 and 85 plants . m—2 to the next 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. It 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 Warson (1958), Iwak1l (1958),
NricurrorovicH (1964) and Hiror and Mowns1 (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 NAR decre-
ased with increasing LAI (fig. 4) in both thinned and unthinned stands.
According to NICHIPOROVICH (1964), the optimum relation between LAI
and NAR is achieved, in theory, when the NAR acquires 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
068 g.dm-2. week—! with 3400 plants . m-2. This is approximately one
half of the value obtained with 21 plants . m-2, ie. 121 g.dm-2. week~1.
On the other hand the NAR mean values corresponding to the LAI
which was optimum for grain production were relatively low, 0'89 to
0:90 g.dm-2. week-1. This demonstrates that both the size and structure
of foliage required 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 NAR and of crop growth rate as compared with
the standards. Watsox and FreExcH (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 soil and microclimatic conditions which had
an unfavourable effect on the morphogenetic develcpment of the plants.
Hucugs 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 Bjorkman and HoLmaREN (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 NicHIPOROVICH'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 matter production were different
from those between LAI and grain yield: The highest dry matter pro-
duction was obtained with LAI == 9:6 whereas the highest grain yield
was obtained in stands with LAT = 2-3 to 3-2. Increased stand density
resulted in decreased NAR and RGR mean values. The highest dry matter
production was attained with a mean NAR = 0:68 g . dm~2. week~! but
the yield was highest with NAR = 0-89 to 0-90 g .dm~2. week-1.

2. The vertical structure of the foliage could be regarded as optimum when
the leaf area was evenly distributed in the stand and 51 to 74 per cent
of incoming light energy were intercepted by the leaf canopy.

3. The development of the foliage was determined in the very early phases
of the plants’ development by 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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Bylo studovéno prostorové &lenéni vyvijejiciho se zdpoje listovi pSenice (Triticum aesti-
vum L. cv. Niva) a zavislost produktivity porostu, nadzemni produkce sufiny a vynosu zrns
na rozdilné hustotd porostu (21, 85, 340 a 3400 rostlin na m?) a zméndch pokryvnosti listovi.
1. a) Se zvySovénim hustoty porostu

a) se zvySovala pokryvnost listovi (maximdlni LAT = 9,6 byl dosaZen u varianty 3400):

nejvétiéiho rozvoje povrchu listovi v pribshu vegetace doséhly varianty 85, 340 a 3400
ve fazi metdni a varianta 21 ve fézi kveteni;

b) zkracovala se Ghrnné délka Zivota zépoje listovi (rozp®ti mezi krajnimi variantami &i.

nilo 11 dnf);

¢) zvétsil se podet listl vytvofenych na jednom stéble z 5 na 8.

2. Be zvétéenim LAT se zmensilo rozpéti zastoupeni listové plochy v jednotlivych patrech po-
rostu a zvétdil se rozdil mezi relativni hustotou ozéfeni spodnich a hornich pater listi.
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Zména velikosti LAY byla spojena s rozdilnou integralni listovou plochou a rozdilnou

dynamikou &etnosti listd na m? podle jejich sta¥i.

Se zvyfovénim hustoty vzristala produkee nadzemni sufiny: maximalni produkei susiny

vytvofila varianta 3400 (3811 g.m2);

zévislost hospodaiského vyiosu na hustoté porostu méla parabolicky charakter s maxi-

mélnim vynosem zrna u varianty 85 a 340 (442,8-470,1 g.m"?);

¢) optimélni velikost LAI v danych experimentalnich podminkéch byla s chledem na vymnos
zrna = 2,3—3,2;

d) se zvySovénim hustoty se zvétlila pramérnd produktivita porostu: maximélni produkti-
vité (C = 594 g.m~%/tyden) odpovidal LATI = 9,6.

Protrhéni variant 3400, 340 a 85 v obdobi faze 3. listu (22. den po vysevu) a odnofovani

(30. den po vysevu) na nejblizsi nizsi hustotu mslo za nasledek zmenseni LAI, poétu listt

a odno#i, nadzemni produkce suliny a vynosu zrna jak ve vztahu ke kontrolnim tak i vy-

chozim hustotdm.

Funkce zépoje listovi péenice s ohledem na maximélni produkei sufiny a vynos zrna byla

vymezena optimalnim rozpétim autoregulaénich vztahi mezi intensitou vytvéfeni povrchu

listovi, jeho velikosti, prostorovou strukturou a distribuei z4feni uvnitf porostu jako celistvého

systému.
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M. TomanpoBa, WUncrnryr skemepmmentambro#t Goranmkm UCAH, Ilpara: Pasemrme
4 PicupenencHue MIOIand JHCTHEB NIICHHNbI B HOCeBax pasiaudHoil miotnoerm. — Biol.
Plant. 9: 424—438, 1967.

Wsyqanmep AMHAMAKA Pas3BUTHA M NPOCTPAHCTBEHHOE paclpelesieHHe IUIOMAIH JUCTLEB
nmernnil (Triticum aestivum L. cv. Niva) B 3aBACHMOCTH NPONYKTHBHOCTH [OCEBa, HAN-
3eMHOH NPONYKIMHM CYXOTO BeIIeCTBA W YpOsKag 3epHA OT PA3NMIHOU TYCTOTHL CTOSHHA
pactennit (21, 85, 340 n 3400 pacreBnit Ha M?) B H3MeHEHNH OTHOCHTEJILHON ISIONIANY JIACTHER.
1. VYBenmdYeBwe T'yCTOTH CTOAHHA PACTCHWH BHI3HIBAIIO:

a) yBelmdYeHMe JIICTOBOTO WHACKCA (MAKCHMAJILHOTO 3HAYeHNA JI =9 ,6 Ouio JocTHTHYTO

B rycrore 3400): camMoe MHTeHCHBHOe PAa3BUTHE INIOMAMNN JUCTHEB OLIIO HPAPYUEHO
K $asam Kosomenus (rycrorst 85, 340 m 3400) u uerenus (rycrora 21);

) yxopoueHne o0mei#t NNUHEL JKUSHE JUCTheB (DA3HANA MeKIy KPaHAMH I'YCTOTAMH

cocrasiaana 11 muem);

B) yBelMueHWe 4NUCJIa JHCTHEB, 0OPA20BAHELIX HA ofHOM ctebme ¢ 5 ma 8.

2. C yBenmdeHMeM JINCTOBOIO HHAEKCA YMeHBIIAIOCh BePTHKAJIBHOE PacipeieleHne TI0Ma A
JINCTHEB B MOCEBC U YBEJHUMBAJIACH PA3HAIA MEKIY OTHOCHTENIFHOM WHTEHCHBHOCTHIO
OCBEINeHAS HUKHNX M BePXHAX APYCOB JHCTheB. VaMeHeHWe OTHOCHTEILHOU IJIOIIANH
aumcTheB OELIO CBA3aHO ¢ M3MeHeHWeM (OTOCHHTETHIECKOH MOIMHOCTH NOCeBa M ¢ Pas-
JIMYHON BO3PACTHOH IWHAMIKOW 9YUCJIA JNCTHeB HA eJWHUIY HIIOMARM.

3. a) VYBesu4eHHe T'yCTOTH NOCEBA BBHIBEIBANIO YBeNNUeHNE HAT3eMHO# NPOAYVKINHA CYXOro

BelmecTBA: MaKCIMaNpHAd Npogyknas = 3811 r/m? 6ruta gocrmrayra B rycrore 3400;

6) saBHCHMOCTH ypoOsKas 3epHA OT TYCTOTH IIOCEBa HOCHMIIA NapabosmdecKmil XapakTep

¢ MAKCHMAJTpHBIMA 3HAadYeHHUAME B rycrorax 85 m 340 (442,8—470,1 r/m®);

B) ONTHMalbHAA BelndnHA JI MO OTHOMIEHMIO K MAKCAMAJILHOMY YPO3KAIO0 3ePHA B TAHHEIX

9KCIEePUMEHTAIbHBIX ycaoBuAX Omuta pasHa 2,3—3,2.

T) ¢ yBeJMdeHHMEM I'yCTOTH YBeJMIWIACh CPefHAS NPOAYKTHBHOCTE NOCEBA: MAKCYMAIIb-

HOK nponykrEBHOCTH (C = 594 r/m?[Henens) orpedain JI = 9,6

4. Nspesxusamne mocesos B dase 3. mmera (22. mems Bererammu) 7 KymeBmsa (30. fieHs
BereTalM) 0 HANpaBieHWi0 K Onmxajimedl HW3mIe#l rycroTe BHISHBAJO yMeHbINeHWe
ykasatenedt JI, gmciaa amcTbeB n G0KOBBHIX 106eroB, IPOTYKTMBHOCTH MOCEBA W yposKasd
3epPHA KaK II0 OTHOLICHUIO K MCXONHEIM TaK W KOHTPOJIBHEIM TyCTOTAM. .

OntuManpras QyHKIMA ITOMAH JNCTHER NpH (GopMEpPOBAHME OMOJOIWIECKOro M XO3AM-

CTBENHOTO ypoias Omuia onpefelleHa aBTOPEIyTANMOHHLIME B3aHMOOTHOIICHEAMA MeH Ty

THTEHCHBHOCTHI0 00pasoBaRMA INIOMANHM JIHCTHEB, €e NPOCTPAHCTBEHHOM CTPYKTYPOH,

BeJINYMHON JINCTOBOrO HHACKCA I ONTHIECKOH MIOTHOCTHIO MOCEBA KAK MEJIOCTHOM CHCTEMEI.



