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Abstract. The analysis of diurnal oscillatory movements of tobacco leaves was used in the
diagnosis of viral infection of plants. The oscillatory helices circumseribed by a growing leaf
of a healthy plant were regular, but some deviations, particularly in the transition points, were
recorded.

In order to make clear the cause of these irregularities of trajectory, the course of elongation
of leaf petiole and blade in relation to localization and shift of zones of elongation during onto-
genesis was analysed. The present analysis is similar to that described by the author’s earlier
experiments with pea roots. Oscillatory curves circumscribed by petiole, projected on a hori-
zontal plane, were compared with curves circumscribed by the blade tip. The analysis of the
leaves of different ages enabled us to study this process in dependence on growth rate. It was
confirmed that oscillations are & result of elongation; the extent of oscillations is quantitatively
dependent on the growth rate. An analysis of the zones of growth showed that in petiole the
active meristems are localized near to its base while in the leaf lamina they move gradually
during the ontogenesis from the apical to the basal part of the leaf blade. Active meristems
of young rapidly growing leaves are localized approximately in the middle of the blade while
those of old leaves were found in close proximity to the base of the lamina. The growth
rate of petiole can be expressed in hundreds of mm per hour (4.8 X 1072 mm h~1); half of this
value was recorded for its apical part. The growth rate of leaf blade was found approximately
ten times higher (3.2 X 1071 ram h™1).

The oscillatory movements of growing leaf consists of two integrate components: of oscillations
ongmatmg in the base of the petiole and of oscillations of leaf blade the centrum of whlch is
localized in the basal third of the blade.

The arrangement of the experiments did not enable us to determine to what extent the
phototropic response of leaf blade participates in leaf movements. The movements of leaves
of an intact plant are evidently affected by rhythmic stem oscillations. Stem is an integral part
of a system which participates in the transfer of information in plants.

The changes in rthythm of the oscillatory movements of growing tobacco
leaves were used for the diagnosis of viral infection (Novir 1964, Novik
and SPURNY 1968). It was found that the leaves of healthy plants circum-
scribe during ontogenesis growth-helices the length of which is given by
the time of elongation, its steepness being proportional to the growth rate.
The frequency of oscillations displays an almost regular 12 h rhythm. Their
amplitude is mainly determined by the age of the leaf. The oscillations of

* Address: Pofiti 3b. Brno, Czechoslovakia.

14



DIURNAL OSCILLATORY MOVEMENTS OF LEAVES 15

leaves infected by VIM are irregular with smaller amplitudes which reflect
the growth inhibition of the plant. While the oscillatory movements are
generally very regular, certain irregularities do exist, particularly in the
transition points of growth helix. This suggests the possibility of the existence
of side-oscillations of smaller amplitude (HEaTHCOTE 1966). In all these
studies, the growth movements were recorded. by cinematography. It cannot
be excluded that some irregularities of trajectory were due to phototropic
changes in the shape of the leaf blade (BRAUNER 1959). It was necessary
to determine in what way the oscillations depend on movements in the
region of the base of the petiole (BUNNING 1937, BAatLLAuDp 1958) and to
what extent they are affected by other factors, as for instance, by the
localization of the zone of maximum elongation and by its shift during
growth as has already been demonstrated in roots (SPURNY 1965, 1966).
The present study was undertaken in order to examine the side-mechanisms
of the growth-oscillations of leaves and their relation to the growth rate
of petiole and blade and to the localization of zones of growth during onto-
genesis.
Material and Methods

Young tobacco plants, Nicotiana tabacum cv. Samsun, were used in this study. The cultivation,.
selection and classification of plants according to their development, illumination and cinemsato-
graphic technique have been described elsewhere (NovAE and SPURNY 1968). In the present studies
only a stem section with petiole (marked with 4 to 5 marks) and a part of the blade was photo-
graphed. Such records made it possible to register movements localized on the base of the petiole.
In order to obtain the horizontal projection of oscillation without distortion, the plant was
orientated in front of the film camera in such a way that a couple of petioles were in plane per-
pendicular to the lens axis. The dependence of the oscillation amplitudes on the distance from

TaBLE 1

PETIOLE ELONGATION of the growing tobacco leaf (Nicotiana tabacum cv. Samsun). Values obtained
from the petiole of the youngest leaf A of the experimental series No. 1

Length of segments on mark- Growth rate of the petiole
ed pgetiole in mm (mark 1 at Total length of pe- segments in 9%, of their origi-
Growth the petiole joint) tiole (marks 1—4) nal values
[h} 9% of the
1—2 2—3 3—4 [mm] original 1—2 2—3 3—4
values
12 2.91 2.89 3.14 8.94 0 — — —
24 3.26 3.19 3.22 9.69 8.1 12.8 10.56 0.3
36 3.40 3.29 3.46 10.15 13.0 17.2 13.9 10.1
48 3.65 3.40 3.60 10.65 19.5 26.1 17.5 14.8
60 3.62 3.65 3.86 11.13 24.2 25.0 26.1 23.0
72 4.17 3.67 4.09 11.93 33.1 43.0 27.0 30.0
84 4.14 3.71 4.24 12.09 35.0 42.5 28.1 35.0
96 4.42 4.02 4.44 12.88 41.8 52.0 39.0 41.0
108 4.37 4.27 4.70 13.34 48.8 51.0 47.5 49.6
120 4.76 4.45 4.76 13.97 56.0 64.0 54.5 51.5
132 5.10 4.78 4.81 14.69 64.2 75.5 65.5 52.8
144 5.73 4.82 4.86 15.41 73.0 97.5 67.0 55.0
156 5.81 5.02 4.93 15.86 78.0 100.0 74.0 56.8
168 6.02 5.32 5.00 16.34 82.2 108.0 86.0 59.5
180 6.45 5.54 5.05 17.04 91.0 122.0 92.0 80.5
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the base of the petiole have been evaluated from these records. The frequency of shooting was
one frame per 30 min.

The elongation of leaves was also registered on cinematographic records. To prevent dis-
tortion of the length of measured parameters, the leaf blades of selected plants were orientated
in a perpendicular position to the axis of the lens. The marking of concentric circles at 1 mm
intervals was found useful for determining the frequency of shooting in these experiments.
The calculation of the rate of elongation of the blade was based on measurements of the lamina
intervals, from base to tip, determined by the principal lateral veins. The temperature, time,
humidity and diminution marks were photographed togather with the leaf (Fig. 1). Photographic
records were interpreted using a special Zeiss microscope provided with an objective 3 and
oyepiece 7 X . By this technique the coordinates of points which illustrate the changes of positions
of marks on petiole were determined. Coordinates of the extreme blade points along the middle
ribs were found in the same way. From these data horizontal projections of oscillation curves
were constructed and these were illustrated in the actual size on a millimetre network.

The course of oscillatory growth movements of 16 petioles from four experiments was recorded.
The growth rate of the leaf blade was measured according to cinematographic records of four
experimental plants.

Results

The horizontal projections of points marked on growing leaf petioles
adjacent to leaf blade (Indian ink marks 4 or 5) registered at two hour
intervals are presented in Figs. 2 to 5. The position of the corresponding
leaves on the plant is described in the enclosed diagrams. These projections
show the maxima of oscillation amplitude of growing petioles. The distri-
bution of the zones of elongation on petioles (leaves of age-groups 4 and B)
recorded in experiments Nos. 1, 3, 4 and 8 is apparent from Tab. 1 to 6.
These data are summarized in Fig. 6 which shows the localization of zones
of maximal elongation of petiole and blade during the development of

TABLE 2

PETIOLE ELONGATION of the growing tobacco leaf (Nicotiana tabacum cv. Samsun). Values obtained
from the petiole of the young leaf B of the experimental series No. 1

Length of segments on mark- Growth rate of the petiole
ed petiole in mm (mark 1 at Total length of pe- segments in 9, of their origi-
Growth the petiole joint) tiole (marks 1-—4) nal values
[h} % of the
1—2 2—3 3-—4 [mm] original 1—2 2—3 3—4
values
12 3.96 3.10 3.35 10.61 0 — — —
24 4.30 3.46 3.54 11.30 6.8 8.5 11.2 5.6
36 4.61 3.30 3.60 11.51 8.6 16.5 7.0 6.0
48 4.71 3.656 3.70 12.06 11.9 19.0 17.5 10.5
60 4.83 3.88 3.77 12.48 18.1 21.5 25.0 12.8
72 5.02 3.95 4.15 13.12 23.8 26.5 27.0 24.1
84 5.37 3.90 4.20 13.47 27.0 35.0 25.9 25.4
96 5.39 4.09 4.27 13.75 28.9 36.0 32.0 27.1
108 5.42 4.13 4.25 13.80 29.9 37.0 33.3 27.0
120 5.51 4.07 4.34 13.92 31.0 39.0 31.0 29.5
132 5.70 4.07 4.36 14.13 33.0 44.0 31.0 30.1
144 5.90 4.15 4.31 14.36 34.8 48.8 33.9 28.5
156 6.02 4.17 4.36 14.55 36.8 52.0 344 30.1
168 6.10 4.26 4.40 14.76 38.5 54.0 37.0 31.0
180 6.13 4.26 4.42 14.81 39.4 54.3 37.0 32.1
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Fig. 2. Diurnal oscillatory movements of petioles of growing tobacco leaves (Nicotiana tabacum
ev. Samsun). Curves represent the horizontal projection of oscillations circumscribed by the
extreme points of petioles given by the coordinates = and y and transecribed in the orthogonal
millimetre net. Numbers on curves describe the period of growth [h]. Data from the Exp. 1.
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Fig. 3. Diurnal oscillatory movements of petioles of growing tobacco leaves (Nicotiana tabacum
cv. Samsun). Curves represent the horizontal projection of oscillations circumscribed by the
extreme points of petioles given by the coordinates # and y and transcribed in the orthogonal
millimetre net. Numbers on curves describe the period of growth [h]. Data from Exp. 3.
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PETIOLE ELONGATION of the growing tobacco leaf (Nicotiana tabacum cv. Samsun). Values obtained
from the petiole of the young leaf B of the experimental series No. 3

Length of segments on mark- Growth rate of the petiole
ed petiole in mm (mark I at Total length of pe- segments in 9, of their origi-
Growth the petiole joint) tiole (marks 1—4) nal values
[h] % of the
1—2 2—3 3—4 [mm] original 1—2 2—3 3—4
values
12 2.48 2.78 2.74 8.00 0 | — — —
24 2.58 2.78 2.74 8.10 0.8 4.4 0.0 0.0
36 2.63 2.98 2.82 8.43 5.6 6.0 7.0 3.0
48 2.89 3.13 2.92 8.94 12.0 16.5 12.8 . 6.8
60 3.10 3.17 3.02 9.29 15.9 24.6 14.4 10.5
72 3.24 3.31 3.08 9.53 19.5 30.5 19.9 12.5
84 3.46 3.58 3.04 10.08 26.0 39.2 29.0 11.0
96 3.56 3.60 3.12 10.28 28.7 43.0 29.9 14.1
108 3.67 3.58 3.20 10.45 31.0 47.5 29.0 16.9
120 3.76 3.74 3.20 10.70 33.9 51.0 34.5 16.9
132 3.92 3.78 3.06 10.76 34.0 57.4 36.0 i2.3
144 3.94 3.78 3.13 10.85 35.5 59.0 36.0 14.5
156 3.92 3.84 3.17 10.93 36.4 57.4 38.0 15.5
168 3.92 3.86 3.16 10.94 36.7 57.4 39.0 15.0
TABLE 4

PETIOLE ELONGATION of the growing tobacco leaf (Nicotiuna tabacum cv. Samsun). Values obtained
from the petiole of the leaf C of the experimental series No. 4

Length of segments on marked Total length of Growth rate of the petiole
petiole in mm (mark 1 at petiole segments in %, of their
Growth the petiole joint) (marks 1-—5) original values

{h] % of the

-2 2—-3 3—4 45 fmm] origina}l | 1—2 2—3 34 45
values
0 233  2.09 1.86 2.29 8.57 0 — — — —

12 233 2.09 1.0 231 8.63 0.7 0.0 0.0 2.5 1.0
24 2.33  2.09 1.99 231 8.72 1.8 0.0 0.0 7.0 1.0
36 2.41 2.06 2.06 2.42 8.95 4.4 3.5 00 108 6.0
48 248 217 200 243 9.08 5.8 6.5 4.1 7.8 6.7
60 2.60 227 208 250 9.45 10.4 11.8 8.5 12.0 9.3
72 2.68 225 208 255 9.56 11.8 15.0 8.0 120 113
84 2.76 229 210 2.55 9.70 13.6 18.5 9.5 13.0 11.3
96 2.78 227 210 255 9.70 13.6 19.0 8.5 13.0 11.3
108 2.78 227 210 255 9.70 13.6 19.0 8.5 13.0 11.3
120 2.78  2.27 2.10  2.55 9.70 13.6 19.0 8.5 13.0 113
132 2.78 227 210 255 9.70 13.6 19.0 8.5 13.0 11.3
144 2.78 227 210 255 9170 13.6 19.0 8.5 13.0 113
156 2.78 227 210 2.55 9.70 13.6 19.0 8.5 13.0 113
168 2.78 227 210 2.55 9.70 13.6 18.0 8.5 13.0 113
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Fig. 4. Diurnal oscillatory movements of petioles of growing tobacco leaves (Nicotiana labacum
ev. Samsun). Curves represent the horizontal projection of oscillations circumscribed by the
extreme points of petioles given by the coordinates = and y and transcribed in the orthogonal
millimetre net. Numbers on curves describe the period of growth [h]. Data from Exp. 4.
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Fig. 8. Diurnal oscillatory movements of petioles of growing tobacco leaves (Nicotiana tabacum
ev. Samsun). Curves represent the horizontal projection of oscillations circumscribed by the
extreme points of petioles given by the coordinates x and y and transcribed in the orthogonal
millimetre net. Numbers on curves describe the period of growth [h]. Data from Exp. 8.
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TABLE §

PETIOLE ELONGATION of the growing tobacco leaf (Nicotiana tabacum cv. Samsun). Values obtained
from the petiole of the young leaf B of the experimental series No. 4

| Length of segments on marked Total length of Growth rate of the petiole
petiole in mm (mark 1 at petiole segments in 9, of their
Growth the petiole joint) (marks 1—5) original values
i [h] 9 of the
i 1—2 23 34 45 {mm] original | 1—2 2—3 3-4 45
f values
! 12 2.36 288 3.01 3.24 11.49 0 — — —_ —
24 2.48 2.88 3.03 3.43 11.82 3.0 5.1 0.0 0.4 6.0
, 36 2.60 3.08 3.04 3.4l 12.13 5.4 10.4 7.0 0.5 5.7
© 48 2.83 312 310 3.59 12.64 11.2 20.0 8.3 3.4 10.8
60 2.96 3.20 3.16 3.59 12.91 12.5 25.1 10.8 5.0 10.8
72 3.14 349 3.26 3.78 13.67 19.0 33.0  20.7 8.4 16.9
84 3.32 351 3.24 3.76 13.83 20.9 41.0 219 7.9 16.4
96 3.37 3.60 330 3.96 14.23 24.3 429 250 9.5 223
108 3.41 3.62 3.32 4.00 14.35 25.0 44.8  25.6 10.3 23,2
120 3.43 3.71 3.35 4.04 14.53 26.4 45.2 29.0 11.4 24.8
132 3.51 3.71  3.3¢ 4.04 14.60 27.0 48.7  29.0 11.0 248
144 3.51 3.73 3.3¢ 4.04 14.62 27.5 48.7  29.5 11.0 248
156 3.51 3.76 3.3¢ 4.05 14.66 27.9 48.7  30.7 11.0  25.0
168 3.51 3.76 3.40 4.13 14.80 28.2 48.7  30.7 13.0  27.2
TABLE 6

PETIOLE ELONGATION of the growing tobacco leaf (Nicotiana tabacum cv. Samsun). Values obtained
from the petiole of the young leaf B of the experimental series No. 8

Length of segments on marked Total length of Growth rate of the petiole
petiole in mm (mark 1 at petiole segments in 9, of their
Growth the petiole joint) (marks 1—5) original values

{h] 9% of the

1—2 2—-3 3—4 4—5 [mm] original —2 2—3 3—4 4—5
values
0 3.30 3.47 3.21 2.82 12.80 0 — — — —

12 3.52 3.65 3.21 2.86 13.24 3.6 6.8 5.0 0.0 1.5
24 3.53 3.65 330 299 13.47 5.4 7.1 5.0 2.8 6.2
36 3.80 3.71 3.30  2.96 13.77 7.3 15.0 6.8 2.8 5.8
48 3.85 3.7 340 3.13 14.16 10.8 16.8 9.0 2.8 11.2
60 399 390 336 3.03 14.28 1L.7 21.0 12.5 4.8 8.5
72 4.03 3.97 349 3.16 14.65 14.6 22.7 14.5 8.6 12.5
84 4.08 413 3.50 3.09 14.80 15.7 23.8 19.2 9.1 10.0
96 4.15 417 3.57 3.20 15.09 18.0 25.8  20.5 10.8 14.2
108 4.12 417 3.63 3.18 15.10 18.2 25,0 20.5 13.0 13.5
120 4.25 417 3.63 3.18 15.23 19.0 28.9 205 17.0 17.2
132 4.38 417 3.76  3.30 15.61 22.0 32.7 205 18.0 19.2
144 4.38 417 3.78 3.36 15.69 22.8 32.7 205 18.5 19.2
156 4.38 417 3.80 3.36 15.71 23.1 32.7 20.5 18.0 19.2
168 4.38 417 3.78 3.36 15.69 22.8 32.7 20.5 18.0 19.2
180 438 417 3.78 3.36 15.69 22.8 32.7 205 19.0 19.2
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leaves. The results of the observation of old petioles (age-groups C and D)
are not presented here because of their very limited growth.

Data describing the elongation of blade in the direction of longitudinal axis
measured in lamina intervals are summarized in Tab. 7. Figure 7 shows the
distribution of elongation and the shift of the zone of maximal elongation
of blade during the development of the leaves. Details concerning the method
of evaluation of cinematographic records and their graphical representation
are discussed in the next chapter.

TaBLe 7
DISTRIBUTION OF THE RATE OF LAMINA ELONGATION of the growing tobacco leaf (Nicotiana tabacum

cv. Samsun)
Average length of lamina intervals obtained by evaluating of film-records of the six young

leaves of A and B type.

Midrib intervals delimitated by the principal lateral veins. Interval 1 is at the
lamina base. a — length in mm, b — in 9, of the original value
Growth
[b] 1 2 3 4 5 6
a b a b a b a b a b a b
0 2.07 — 3.94 — 6.84 — 982 — |1289 — |19.79 —
24 1.98 22.3| 4.54 349| 835 2222|1242 38.416.43 46.6] 25.22 28.8
48 2.68 53.1| 6.02 77.0(11.32 74.1]16.73 87.9]21.41 77.0| 31.24 54.6
72 3.22 102.6 7.93 150.0 | 14.32 116.4 | 21.16 141.0| 26.45 114.0 ; 34.06 57.6
84 3.47 165.6] 9.04 237.6| 17.20 195.5! 26.15 241.0 | 31.75 180.8 | 40.21 103.0

Discussion

The diurnal oscillatory move-
ments of the petioles of growing
ieaves of tobacco in their hori-

zontal prejection were found simi-
lar to those described by Novik
(1964) and NovAk and SPURNY o
(1968). An approximately 12-h
period of oscillations was distinct
for young leaves from age-groups
A and B (Figs. 2 to 5). The ma-
ximal vertical amplitudes of osci-
llations of the youngest leaves
during their maximal elongation
were about 2 mm. The oscillations

i1/

Fig. 6. Distribution of the rate of petiole \\ \‘
and lamina elongation of tobacco leaf

{Nicotiana tabacum cv. Samsun). Abscissa:
" length of the organ in mm, ordinate:

elongation in 9, of the original length.

-
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of old leaves (age-groups C and D) were irregular with the maximum am-
plitudes of several tenths of a millimetre. The range of amplitudes of oscil-
lations and their regularity decreases during leaf development. Oscillations
disappear when the elongation terminates. The rate of elongation of petioles
is dependent on the development of the leaves. Calculated on the basis of
the original length, the elongation of petioles of very young leaves (4) was
919, of young leaves (B) 31.7%, and of old leaves (C) less than 209%,. The
zone of maximal elongation
of both young and old petioles
is located in the region be-
tween 2 and 4 mm from the
base of the petioles (Tab. 1
to 6). With the increasing
distance from the base, the
elongation of petioles decreas-
es up to one half of the record-
ed maximum rate. A close
relation between the oscilla-
tory movements and growth

] s 3 < 5 6

I/
v
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L/ /A

o 10 20 30

Fig. 7. The shift of zones of maximal elongation of
tobacco leaf blade (Nicotiana tabacum cv. Samsun)
during ontogenesis.

Length of segmens 1 -6 delimitated by the principal
lateral veins of leaf blade.

Abscissa: length of lamina segments [mm], ordinate:
growth [h],

is apparent from these data.
In the petiole, where the
epicentrum of movements lies,
the oscillations are small,
several tenths of a millimetre,
but at a distance of 30 mm
corresponding to the length

of young leaf (B), the tip of blade may circumseribe a helix with a maxi-
mum amplitude of 5 mm in a horizontal projection.

The results describing the localization of the zone of maximal elongation
of young leaves near to tip are in agreement with earlier findings (AVERY
1933, FriMMEL 1954). Figure 6 shows that the

minimum elongation of blade at the beginning
of the experiment was situated in this region
(see curve for the first day). During they,
further development of leaves, the zones of

Fig. 8. The course of elongation of the lamina interval
delimitated by the 2nd and 3rd principal lateral vein of

tobacco leaf. (Nicotiana tabacum cv. Samsun).

are negligible because of small oscillations in this zone.

Periodical changes of length caused by optical distortion 10
Tlustrated according to original records of leaves from /\//

age-group 4 (1—3).

Abscissa: growth period of lamina in days, ordinate:
changes in length of intervals expressed in 9, of original

values.

/0
[/
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growth are shifted nearer to the middle part of the blade and to the petiole
(see the curve for the second day). The distance between the principal lateral
veins in these regions increased 2.5 fold. Due to the very high rate of elonga-
tion, oscillating leaves moved periodically to and from the plane of the lens.
These changes of distance of the object cause distortion of its size on photo-
graphic records (SPURNY and NovAk 1962). This variation shows a regular
twelve hour cycle and was eliminated by the classification only of those
records which were taken in periods corresponding to the multiples of a 12 h
interval. The elimination of this effect involving a time-absorbing calculation
of corrections (SPURNY 1964) was not justified. The growth curve recorded
in the region close to the petiole does not show a periodical variation because
of small oscillations (Fig. 7).

The zone of maximal elongation, which is localized in young leaves near to the blade tip,
proceeds gradually in maturating leaves to the middle region of the blade and to the petiole.
The growth rates of petioles were found generally lower than those of blades. They can be ex-
pressed in hundreds of millimetres (4.8 X 1072 ;nm h™1) for petiole; half of these values were
recorded in their apical regions close to the blade. One degree higher growth rates were found
for leaf lamina (3.2 X 1072 mm h™1). The maxima of oscillatory amplitudes circumscribed by
the terminal points of petioles of young leaves (4) varied between 1 and 2 mm. The projection
of these values to the blades suggest the theoretical oscillation of the tips of leaves of about 5 mm.
However, in our previous experiments the oscillation maxima of leaf tips of similar age were
found to be 15 mm (NovAk 1964). This difference indicates that an another oscillatory momentum
participates in the registered total amplitudes of oscillations. The already-mentioned dependence
of oscillations on the growth can be used to localize the source of these secondary oscillations.
According to the results presented above, the zones of maximal elongation of leaves are localized
in the middle region of the blades where the maxima of oscillatory amplitudes also occur and
this may be identified as the secondary centrum of oscillatory movements. The final amplitude
circumscribed by the tip of the blades is a sum of both partial amplitudes. This oscillatory
gystern is described in Fig. 9 where a young leaf (4), about 30 mm long is presented in the phase
of maximal blade elongation. Active meristems are located around point By. The vertical oscil-
lation of the leaf is caused first of all by the elongation of the base of the petiole (point 0). The
maxima of these amplitudes reach the extreme points Am and Bn. The experimental values of
these amplitudes measured at the apical end of the petiole varied between 1 and 2 mm. Such
amplitudes in the absence of any other oscillatory momentum would cause movements of
the blade tips between the two extreme points € — a distance that corresponds to the maximum
amplitude of 5 mm. The actual maxima, however, were found about three times higher. 15 mm.
Tt is assumed that the highest rates of elongation recorded in the region around point Bg induce
secondary oscillations which increase the amplitude of the blade tip up to the values found
experimentally.

This explanation is supported by a visual analysis of the cinematographic records repeatedly
projected as an infinite loop. Using this kind of projection the significant oscillatory movements
in the region around point By were revealed.

The oscillations of tobacco leaves can be defined as growth movements which consist of
two integral parts: of oscillations originating at the base of the petiole and of oscillations of
growing leaf blade localized in the meristematic zone in the middle part of the blade and gradually
moving toward its base. It has not been possible to determine to what extent phototrophic
movements of blade participate in this complicated system. However, the registration of oscil-
lations of blades by the cinematographic method may, in contrast to petioles, be influenced by
many other factors.

In an integral plant system some other factors, such as oscillatory move-
ments (“circumnutation’) of stem (GUrREVIcH and IorrFr 1968), must be taken
into account. It seems probable that coordinated and synchronized oscillatory
mechanisms of separate organs are a part of a system which participates
in the transfer of information in plants (GUREvicE and IoFFE 1970). At-
tention has already been paid to the endogenous metabolic factors which
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may induce oscillatory movements (BUNNING and Brnume 1963, BUNNING
and Moser 1968, BLuME 1961, KARVE and JAGAJINNT 1966, MILLET 1970)
and an attempt made to explain the autonomous periodicity of oscillations
by variation in the production of auxin and by its uneven distribution in
the lower and upper part of petiole (YIx 1941). Another possibility, ¢.e. that
oscillations originate during orientated tropical growth when the deviations
from the plagiotrophic direction are corrected by a feedback mechanism,
cannot be ignored. The schema of such a self-regulating system has
already been proposed for the geotropical growth of roots of pea seedling
(SPURNY 1968 a, b). The fact that there is no elongation without oscillation
and vice versa is in agreement with this proposal.

Figures at the end of the issue.
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V piedloZzené praci jsou sledovany faktory ovliviiujici pravidslnost trajektorie oscilaénich
pohybl rostoucich listt tabédku (Nicotiana tabacum cv. Samsun) registrovanych sbérnou filmovou
metodou (obr. {2— 3]. Detailné byly sledovany oscila¢ni pohyby rostoucich Fapikt listt a zvldste
jejich ¢epeli (tab. 1 — 6, obr., [2 — 5]. Velikost amplitud oscila¢nich pohybu v horizontélnim primétu
byla porovnéna s polohami z6n nejrychlejsiho dlouZeni a s hodnotou rustovych rychlosti v fapiku
a Cepeli béhem ontogeneze listu (tab. 7—11, obr. [6—8]. Zény nejrychlejsiho dlouZeni Fapfku
se nachdzeji v tésné blizkosti kloubu fapiku (2—4 mm), smérem k &epeli dlouZeni pokless aZ na
polovinu maximalnich hodnot. V rostouci ¢epeli se posunuje zéna maximélniho dlouzeni od §piéky
k bazi. V dobd nejvétitho rastu jsou meristémy lokalizovany ve stiedu ¢epele a v daldim vyvoji
se posunuji k jeji bézi (obr. 6).

V fapiku kolisé rustova rychlost #4dové v setindch milimetra za hodinu (4,8 X 1072 mm h™1),
v ¢epeli jsou zjisténé rychlosti dlouZeni v praméru o jeden Fad vétdf (3,2 X 1071 mm h™1).

Vysledky potvrzuji zédkladni tezi o spojitosti oscilaci s dlouZivym rustem: éim mohutnéjsi
dlouZivy rist organu, tim lze oéekdvat vétsi amplitudy oscilaci. Naopak, s ustdvajicim rastem
odeznivaji i oscilaéni pohyby.

Byly porovnavény ob& metody registrace oscilaénich pohybu listit tabaku opisované jednak
spitkou listové Cepele, jednak krajnimi body vyznaéenymi na fapiku [obr. 9]. Ukazuje se, Ze
druhy zpusob registrace (dle oscilaci fapiku) odstranuje nepravidelnosti trajektorie dané dru-
hotnymi pohyby &epele a eventudlné fototropickymi pohyby listu. V rdamei celé rostliny k tomu
jesté piistupuji cirkumnutace osy (GUREVIC a IoFre 1968, 1970).

Je diskutovéana moznost interpretovat oscilaéni pohyby rostoucich listd v rdmeci systému
plagiotropicky Fizeného dlouZivého ristu, kde odchylky znaéi zpétnd vazebné opravy sméru,
obdobné jak to navrhl autor pro geotropicky frizeny rust kliéniho kofene hrachu (BPurnY
1968 a, b).
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Fig. 1. Cinematographic apparatus for registration of oscillatory movements of tobacco leaves.
4, B = moving film picture camera Cinephone 35 mm, recording the vertical and horizontal
projections of oscillations. Diminution marks (7), temperature (2), time (3) and humidity (4)
are registered simultaneously with the object.
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Fig. 9. Vertical oscillation of growing tobacco leaf (Nicotiana tabacum cv. Samsun) in horizontal
projection.

0 = base of petiole, 04¢ = length of petiole, By = location of the zone of extensive elongation
and centrum of the secondary lamina oscillations, Cy = tip of lamina, ¢ = erroneous extra-
polation of oscillation maximum (see text for explanation), Am, Bm, Cm = oscillation maxima
of separate parts of leaf. Abscissa: length of leaf [mm], ordinate: oscillation amplitudes [mm].



