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Observations on the development of plants XVI

Developmental rhythm and flowering of Setaria glauca

A. LISTOWSKI, A. JASMANOWICZ

Setaria glauca, an annual plant flowering in natural conditions in July— August
is a common weed in cereal and root crops.

Observations were made of the developmental rhythm of this plant under various
light conditions:

a) in chambers with continuous daylength of 8§ and 19 hrs (fluorescent tubes,
4000 Lux, chamber temperature 22—26°);

b) in a glasshouse under natural waning (seeding date Sept. 23) and rising
daylight (seeding Jan. 13), ambient temperature not less than 14°.

The plants grew under natural (N) varying light, short 8-hr day (Ng) and daylight
prolonged by means of 500 W lamps to 16 hrs Njg as well as under continuous
daylight (N,,).

The plants sown in January sprouted rapidly and uniformly, those seeded in
autumn were retarded (up to one month) and sprouted unevenly. It was therefore
difficult to select plants in the same development phase.

The observations comprised: the date of appearance of the successive leaves
one the main culm, the rhythm and intensity of development of the axillary shoots,
the date of heading of the main and lateral shoots, analysis of the ear structure.

The results are compiled in the tables and graphs.

The habitus of the plants is shown in photos 1—4.

The light conditions exert a marked influence on the whole course and character
of development, producing wide differences in the habitus of plants from various
combinations (photos 1—35).

Under short day the transition of the plant to the generative phase is greatly
accelerated and most uniform (with small individual differences). The intensity of
growth is low and the length of the growth period greatly diminishes. The plants
are small with short and thin culms bearing few small leaves. The lateral shoots
are not numerous and develop late. The ear is reduced to some dozen flowers
{and seeds). In extreme cases underdevelopment of the ear was also observed.
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Photo 1. Plants seeded in
autumn (Sept. 23) growing
in glasshouse under various
light conditions (from left to
right N, Ng, Nis, N24 photo
taken on Jan 8)

Photo 2. Plant from second

(winter) seeding growing in

glasshouse under daylight

prolonged to 16 hrs (after
heading)
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Photo 3. Plants of N and Ng combination from winter sceding after heading

Photo 4. Plant growing under Sg in light chamber
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«Graph. 1. The influence of daylight on the number of leaves, axillary shoot growth and

heading
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A very strong vegetative development, long thick culms and numerous large
leaves are characteristic for plants developing under continuous illumination. The
lateral shoots develop intensively. Heading is much delayed but the ears are long
with numerous seeds, although the number of sterile spikelets also increases.

Plants kept under long-day conditions exhibit also intensive vegatative develop-
ment with retarded heading, but the development of the ear is quite normal.

Under 16-hr waning natural daylight the vegetative development is relatively
weak and heading occurs at about the same time as that of plants growing under
natural — thus already short daylight conditions. On the other hand, under rising
daylight the delay in the time and course of flowering is noticeable. Individual
variations in the time of heading are more frequent. Prolongation of illumination
to 19 hrs daily with light of low intensity produces vigorous growth and a consi-
derable delay in heading.

Thus in the long-day combination the character of the reaction of plants, parti-
cularly as far and heading is concerned, undergoes most important modifications
in dependence on the light intensity and length of exposure to daylight.

Table 1

Time of heading of main culm

| No. of days from .

|
No. of leaves

Mean length of

i S i appearance | | : ‘
i Combination oF st Jeab'ts | developed to | main culm |
: heading (usually) ‘ heading (usually) cm ‘
| =t Slae ok E Y SO S e
| Seeding date | autumn | winter | autumn | winter | autumn | winter |
i i
! Ns 31 47 5 6 9.8 81 |
; SN T TN M |
| 2 N 38 44 5 6 10,4 19,5

2 |— B SN TR —

Z

;:’un Nis 38 75 8 12 55.5 77.0

Nag 62 82 =12 14 60.0 81.0

2| s 42 5 9.3 ;

o

i —

=]
i ﬁ, Lio 104 J 14 47.1 '

The interaction between daylength and light intensity is, however, noted also
under short and continuous illumination, only then it is less pronounced. The pho-
toperiodic factor is dominant here and plays an essential role in the reaction. It was
also demonstrated that varying daylength, particularly from S to L, thus, rising light
conditions are more favourable to plant development than waning daylight.
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Table 2

Ear and seed setting (main culm)

1 1 I
Ear No. of |

[ |
Group Comb. length l spikelets |
| | |
| autumn seeding | Ng 1.1 | 52 ‘ No. of seeds does not exceed 4—5%
glasshouse Nig 4.7 64.4 | Ears develop normally and are normally |
[ fertile 1
Nay 9.5 158.0 One third of ear from below with underde-
veloped sterile spikelets
winter seeding Ns 2.0 l 11.0 6—8 seeds _
glasshouse N ; 2.1 ! 12.0 | some dozen seeds or so [
Nis | 9.1 | 252 | almost all spikelets fertile |
Np4 | 104 | 1300 | 909 of spikelets fertile
| ! | i
| light chamber Ss | 15 | 6.0 | 5—6 seeds in one ear, I
Lio 7.0 | 1470 i 1/3 of length of the ear sterile

* In some plants under short day (autumn seeding) only a rudimentary ear was set.

1) From the point of view of the generative photoperiodic reaction Setaria glauca
is a typical quantitative short-day plant. The photoperiodic reaction of various
Setaria species (S. glauca, S. italica, S. viridis) has already been analysed. All
these species, in dependence on their origin and experimental conditions have been
classified to plants with a ,,weak™ or with a ,,strong” short-day reaction (Chouard
1950, Mathon 1967, manuscript). Setaria verticillata which, according to Chouard
(1950), is a ,,weakly” reacting short-day plant, has been described by Mathon
and Stroun (1961) as the example of a plant with an ambiphotoperiodic type of
reaction. All the above enumerated species have a wide area and are classified to
thermocosmopolites.

2) The vegetative modifications due to daylength are strong and pronounced.
Elongation growth becomes more intensive, the number and size of leaves and the
degree of development of tillers increase with rising daylength. As seen on graph
1 the rate of differentiation of the successive leaves is accelerated. This increasing
intensity of development of the axillary buds is manifested in two directions:

a) the axillary buds of an increasing number of leaves become active;

b) the developing tillers are long and profusely foliated.

3) The number of spikelets and seeds under short day is greatly reduced. Thus,
short day promotes shooting and simultaneously inhibits spikelets differentiation
and the growth of the ear.

4) The differences in the development of tillers in dependence on their posi-
tion on the main axis, that is on the age of the plant are distinct in plants growing
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under continuous daylight and long-day conditions and disappear under short
day (see Graph 2, Tables 3 and 4).

These differences involve the intensity and duration of elongation growth, the
number of leaf differentiations, the time of heading and the characters of the ear:
its length, number of spikelets and the ratio of fertile to sterile spikelets.
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Graph. 2. The influence of light conditions on the development of tillers

As we move upwards along the shoot, a decline of vegetative and an intensifi-
cation of the generative activity is observed this appearing in a diminished number
of leaves on the axillary shoot, and thus in an accelerated differentiation of the
ear.

On the other hand, the length of the culm and ear development are most advanced
in the shoots developed from the axils on the middle part of the main culm, whereas
they decrease in size both in the acro- and basipetal direction.
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The variability along the main axis which is an expression of the ontogenctic
variability associated with the plant’s age has been analysed by Krenke (1950)
on woody plants and by Listowski (1968, in press) on various annual plants.

The results of various restitution experiments also indicate an intensification
of the generative tonus in upward direction. In tobacco for instance the restituting
specimens grown from explants taken from various parts of the stem of a flowering
plant come into flower the quicker, their time of growth and differentiation are the
shorter, and they have the less leaves as they originate from higher parts of the stem
(Aghion-Prat 1965).

In Setaria glauca the ontogenetic variability is distinct in plants growing ,,under
long and continuous daylight™.

This variability cannot be observed in short-day conditions owing to a strong
reduction of the growth processes and the general acceleration of development.

The ontogenetic varidbility on the main axis is unidirectional, thus expressing
the intensification of the generative ,,tonus™ and reduction of the number of leaves.

On the other hand, elongation growth and ear development are strongest in shoots
from the middle part of the plant. Analogous facts frequently observed in trees
have been analysed by Krenke (1950). This author explains this intensification
by a better supply of water and nutrient substances to the middle part. These facts
do not contradict the hypothesis of the unidirectional character of ontogenetic
variability. The intensification of growth processes in the middle part is not a general
observation. Differences in this respect may be found in species belonging to the
same family (as for instance observed in the case of Chenopodium).

SUMMARY

The course of development of Setaria glauca was investigated under various light conditions:
waning (autumn) and rising (winter—spring) with varying daylength.

1. Setaria is a quantitative short-day plant as regards flowering initiation, whereas its growth
and differentiation of the car as well as the number of seeds are greatly reduced in these conditions
(tables 1 and 2).

2. The elongation growth of the culm is intensified, and the number and size of leaves, and
rate of axillary shoots growth increase with rising daylight (graph 1, table 1; graph 2, tables 3 and 4).

3. The interaction between daylength and light intensity is most pronounced under long-day
conditions (table 1),

4. Varying daylength of rising character is more favourable to plant development than waning
light conditions (table 1 and graph 1).

5. The ontogenetic variability in axillary shoot development along the main axis in very distinct
under long and continuous daylight (graph 2, tables 3 and 4).

Plant Physiology Division (Entered: April 19, 1969.)
Institute of Soil Science
and Plant Cultivation

[Pulawy]
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Obserwacje nad rozwojem ro$lin

XVI, Rytm rozwojowy i kwitnienie Seraria glauca

STRESZCZENIE

Badano rozwoj Setaria glauca w réinych warunkach $wietlnych zaréwno przy malejacej
(jesien —zima), jak i wzrastajacej (wiosna —lato) intensywnodci oswietlenia i przy réznych
dlugosciach dnia.

Setaria glauca, jesli chodzi o inicjacje kwitnienia, jest roslina krotkiego dnia, podczas gdy
jej wzrost, roéznicowanie kloséw, jak i liczba nasion w tych warunkach sa znacznie obnizone
(tab. 11 2).

Przy wzrastajacej intensywnosci Swiatla nastepuje wydtuzenie pedow, wzrasta liczba i wiel-
kose lisci oraz tempo wzrostu peddéw bocznych.

Interakcja migdzy diugoscia dnia a intensywnoscia éwiatla zaznacza si¢ najbardziej w wa-
runkach dlugiego dnia.
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