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The control of germination in Orvzopsis miliacea
exhibits a dual action of white light, promotive on the
one hand and inhibitory on the other. Thus, while
a short-irradiation treatment was promotive under
all temperature conditions, continuous irradiation
was less promlotive, or even inhibitory in certain
temperatures (11). A similar phenomenon was ob-
served in Amnaranthus fimjzbriatus (13), A triplex di-
miiorphostegia (9), Anmaranthus blitoides (7), and
Nigella damiiascenia (6). Seeds exhibiting such be-
havior have been considered by certain investigators
as short-day types (1, 5), in accordance with the
accepted definitions of the photoperiodically con-
trolled flowering types.

White light was used in the previous work (11).
In view of the widespread occurrence of the phyto-
chrome pigment system in seeds (2,14), it was de-
cided to determine whether this pigment system was
involved in this dual action of white light. The
involvement of blue light in this phenomenon was
also tested, since it is known to be active in the
photocontrol of germination (4, 10).

Materials and Methods

Material used in this study was collected from a
stand of Oryz-opsis m1iliacea Asch. et Schw. in Eitha-
nim (Judaean Hills) on July 1, 1961, and on July 1,
1962. This material was treated with 70% v/v
H2SO4, as described earlier (11). The material
from these 2 collections differed in its quantitative
responses, but behaved in the same manner qualita-
tively.

The light sources were incandescent (tungsten-
filament) lamps and/or cool-white fluorescent tubes.
When the light source was mixed, three 40-w incan-
descent lamps and five 40-w fluorescent tubes were
used. Separation of spectral regions was usually
carried out by use of colored cellophane filters, after
passing the light through a 1-cm-thick layer of CuSO,
solution (0.2 of saturation), or through a similar
layer of water. Transmittance of the filters used
was measured with a Unicam Spectrophotometer in
the range of 400 to 800 m,u (fig 1)3. Light intensity

1 Received July 18, 1963.
2 Supported by Research Grant FG-Is-115, from the

United States Department of Agriculture.
3 Abbreviations: B, blue light; R, red and far-red;

FR, far-red radiant energy.

FIG. 1. Spectral properties of filter systems used in
this work. B, blue system; R, red and far-red system;
FR, far-red system.

was miieasured by a Weston Illumination Meter Model
756.

Germination was tested in petri dishes of 5 or 9
cm diameter, containing 1 layer of Whatman No. 1
filter paper and 2.5 or 4 ml of double distilled water.
In all dark treatments the dishes were enclosed in
light-proof cans. Incubators controlled at ±10 were
used. The results are given in mean germination
percentages + S.E. of 4 replicates of 75 to 125 seeds
each.

Results

The Short-irradiation Effect. Irrespective of
time of application, between 60 and 120 seconds of R
was a saturating dose in the promotion of dark ger-
mination at 250 (fig 2). Similarly, 4 minutes of FR
irradiation were sufficient to reverse completely the
full promotion by R (table I). Consequently, 4 min-
utes R and 12 minutes FR were used, except when
specified otherwise. The effects of R and FR were
also mutually reversible, and the final germination
percentage was determined by the last irradiation
applied (table II). A short irradiation with FR, and
continuous irradiation with white light reversed the
promotion by R, and the degree of reversal became
less with increasing duration of the dark interval
between the promotive and inhibitory irradiatioris.
When R was followed by continuous irradiation with
white light, germination never exceeded that induced
by R alone. When, on the other hand, R was fol-
lowed by FR, after a sufficiently long dark interval,
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Table III
Ini-hibitiont by a Short Irradiationt with Far-red and by
(ontinnlloins Irradiation zoith Unfiltered White Light, of
Sece(s Promiioted bv Red Light, (as Affected by Dnration

* of l)iterveniiig Dark Interval
Seeds incubatiing in darkniess at 20' were irradiated

after 48 hours for 4 miniutes with red light from a
fluorescent lamp of 300 ft-c inteinsity at filter level. The
secoind irradiation was either 12 miniutes of far-red light,
or continuous irradiation with unfiltered light, in both
cases from fluorescent anid incanidescenit lamps. The
inteinsity at filter level was 200 ft-c.

60 120 180
DURATION (SEC.)

Fic.. 2. Effectiveness of red radiant energy in the
promotion of germination at 25', as affected by (lurationi
of irradiationi. Effect calculated as percent of maximal
response. Results of 4 experiments. Incandesceint light
source, 250 ft-c at filter level. Irradiation applied after
9.5(*), 16(o), 12(A) and 40(X) hours of dark inicu-
bation.

additional pronmotion occurred (table III). Tlis in-
crease miiay be due to a promotive effect of FR in
later stages of incubation (cf fig 3B).

In some phlotoblastic seeds, short irradiationis withl
blue light wvere found to reverse the promotive effects
of R (3, 15). In seeds of 0. wiiiliacca, slhort irradia-

Table I
Rcvcrsal by Far-red of Red promotion

Irradiation treatment was applied 24 hours after start
of incubation. Between the successive irradiations there
were no dark intervals.

Irradiation (min)

Red Far-red

4 0
4 4
4
4
0

12
36
0

Final germination 7% at 25'

80 -+ 2
33 ± 3
33 + 2
34 +- 5
39 + 5

Dark interval be-
tween irradiation
treatmenlts (hrs)

0
(1.5
2.5
4

24
48
72
96
120
144

Conitrols Red
ollly
uninterrupted

larkniess

Final -erminlationi %7

Fxpt. I E'xpt. II (continuous
Far-red) xxliite light irradiation)

28+5 12 5
39'2 10±2

... 26) 3
48 + ...
572+- 6 "2+ 3
62 4 40 3
73 5 56 +3
76 6 62 4
88 3 t)4+ 1
89 3 62± 5

72 +- 2

25 --4 I-

71 + 6

tions of 10 or 30 minuttes xwith l' did not have any
inhibit-ory effect if applied at (litterenit timies during
(ark incubation, til) to 96 lhours. Sinilalrly, 12 min-
tite irradiations wxithi BI wvere also ineffective in nmo(li-
fying the promotive effect of R. when appliedl im-
mliediately after R, or after variou.i (lark intervals (up
to 240 hr).

Chan ges in Scensitivit!y to Short Irradiations of
Differeniit Spectral(CoutiPositi,on. (Is U 1' actor of Timlle
of Inicufbationi. Tlle sensitivitv towx ar(ls R irradlia-
tions startedl after 45") minuites, and(l rose till the 1 5th
lhour reaching almost the maximiial lpromlotion by tlle
24th lhour. Promotion bv- R reniainle(l high during
the 96 lhours of the experiment (cf tahle V-I. ref 11).
FR irradiation inhibited (lal-k germiination if applied
durinig the first 8 lhours. but becamiie inicreasingly pro-
motive up to the 48thi lhouir and(I remi.ainednmore or

les.s constanit up to the 96tlh lhouir (fig 3 ).

Table II
Mlutttaul Rccatcd Revcrsibility of Promotion. 1bv Red anzd Inhibition by1, For-red

Irr(aditionis in Control of Gcrminbation
Seedls incubated in darkniess at 20' -x-ere irradiated after 24 hours with re(d light (R. forI 4 minlutes) and

with far-re(d (FR, for 12 minutes). Successive irradiationis were given witlhotut dark interval. The light source
was incandescenit lamps, providing 220 ft-c at filter level.

Germination % Treatiieit Germination %7o
Dark controls
R
R->FR->R
R >FR-> R >FR-> R
R-->FR-*R -> FR->R ->FR -> R

13 ± 1
50 -+- 5
44 ± 5
46 -'- 3
45 -+ 6

FR
R-FR
R->FR->R---> FR
R->FR->R---> FR->R-FR
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24 48 72 96
TIME OF IRRADIATION (HOURS)

FIG. 3. The effects of single irradiations with red
(0, 4 min), or far-red (o, 12 min) light on dark ger-
mination at 250, as affected by time of application, during
the first 24 hours (experiment A) and 96 hours (experi-
ment B) of dark incubation. Incandescent light source,
220 ft-c at filter level. Fine horizontal line indicates
level of controls in darkness throughout.

Further experiments showed that the incomplete
inhibition of dark germination by FR during the first
hours of incubation was not due to nonsaturation,
since 30-minute irradiations were not more effective
than 15-minute ones, when applied 20, 100, 180, and
220 minutes after the start of incubation.

Irradiations of 10 minutes with B alone, which
were applied at various times during the first 96
hours of incubation in darkness were found ineffec-
tive.

The promotive effects of short irradiations witlh
FR, when applied during the later hours of dark
incubation, were not a result of impurities in the light
transmitted by the FR filters. The increase in stimu-
lation by short irradiations with FR, as duration of
the preceding dark period increased, occurred also
with pure FR light transmitted by interference filters.
Moreover, this increase parallelled that of the stimu-
latory effect of short irradiations with R (table IV).

Effects of Continuous Irradiation wcith [Vhite

Table IV
Effects of a Sinigle Irradiation with Red antd Far-rcd
Light, Transmitted by Interference Filters, on Dark
Germination at 17°, as a Fun.ction of Time of Application

Irradiated for 4 minutes
on indicated hour of

Interference filter* dark incubation

24 47

Red (664 m,) 77 4 92 2
Far-red (736 mu) 45 ± 4 62 ± 4
Nonirradiated controls . 28 ± .22 ...

* Balzers, Lichtenstein. Half width 10 m,u. Light
source: 300-w slide projector.

Light. The inhibitory effects of continuous irradia-
tion with white light lasted only as long as the seeds
vere exposed to it. Moreover, when seeds were
transferred from white light to darkness, germina-
tion was higher than in continuous darkness or in
continuous irradiation with white light (table V).
This indicated that white light promoted germination
in all cases, but the expression of this promotive
effect required darkness. This promotive effect of
white light, which expresses itself in subsequent
darkness, manifested itself also in many other experi-
ments where the light source was incandescent and
thus relatively high in FR. Thus, the FR present in
white light did not prevent the latter from stimulating
subsequent dark germination, though long irradia-
tions with FR alone were extremely inhibitory (cf
table X). Darkness requirement for expression of
the promotive effects of long irradiations with white
light was evident also from the following results.
The promotive effects of a 24-hour light period were
the same when given either from the start of imbibi-
tion or after 1 or 2 days of previous darkness, pro-
vided a dark period of 6 days followed the light period
(table VI). The slight promotion by 7 days of white
light (6 + 1), when started after 2 days in dark-
ness, was probably due to the fact that by the time
light was applied some of the dark germinating seeds
were no longer susceptible to inhibition by continuous
irradiation. These experiments were performed with

Table V
Effects of Dutrationt of Initial Irradiationi zdith White

Light o0t Sulbsequlentt Germination in Darkntess
Seeds incubating at 200 were irradiated with unfiltered

light from a fluorescent tube, providing 20 ft-c at dish
level.

Initial duration of Germination %o 9 days
light (days) after transfer to darkness

0 18 1
1 54 4
3 50 +
6 48 6

Conitrols: 15 days light 17 ± 3
15 days dark 22 ± 2

z

w
LI

z

w
a-
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Table VI
Effccts of 24 Hrs of WVhite Lightt on Germination-, as
Affccted by I)nration of Iniitial Dark Period and by

Sutbsequcnt Light or Dark
Seeds incubating in darkness at 22° were exposed at

different times to unfiltered white light for 24 hours and
were either returned to darkness, or remained in light
for 6 more days. The light source was fluorescenit tubes,
which provided 75 ft-c at dish level.

Initial dark
period (days)

0

1
2

Controls: 8 days
in dark

Germination induced by 24 hours of
irradiation when followed by

6 days light

37 -V 3
27 '
45 _2

6 days dark

97 + 1
95 -+- 1
96 -+ 1

39 +

the whole seed population: the (lark gernminators as
well as the light-reqjuiring seeds. Isolation of the
light-requirinig seedIs was miia(le by renmoval of the
see(llings xx-hiclh hadl germinate(l at 200 during 5 days
incubation in darkness (about 45C,,). Of these seeds,
33 + 3%C germinatedl during 7 (lays exposure to con-

tinuous irra(liation fronm a wvhite fluorescent light
source (100 ft-c at dish level) and 96 -+ lcc ger-
minated 6 days after a 24-hour exposure to irradlia-
tion fronm the same source. Controls in (larkness for
12 (lays reached 47% germination.

The promotive effects of long irradiation wvitlh
wlhite light on subsequent germination in (larkniess

Table VII
Effects of Short Irradiation with Far-red light o0t the

Gcrmhination Inidutced by a Preceditg 48 hours of
Irradiationt with [White Light

Seeds incubating at 210 in unfiltered white light for 48
hours were transferred to darkness, either immediately,
or after 15 minutes exposure to far-red radiant energy.
The light source was mixed, from fluorescent and incan-
descent lamps, which provided 100 ft-c at filter level.

Experi Experi-
Treatment ment ment

I II

Controls continuously in darkness
48 hr irradiation -- dark
48 hr irradiation -* far-red -* dark

15 2 16 2
30 + 2 34 4
2 0 2 1

could be entirely reversed by a short irradiation with
FR, if applie(I immecliately before transfer of the
seedls from the white light to darkness. Moreover,

the germiiniationi resulting froml suclh a treatmenit was

low-er thani that of controls in colntinluous dlarkiness
(table VII).

Comlparing the effects of a long an1d a shiort irra-

liation wxith wvhite light on subsequent germination
in darkness, showved that the course of germination
after the latter treatmenit wvas p)arallel to, but coIn-
sistently higlher tlhan after the forlmler treatment (table

In/h ibition by, Conltinluloits I rradiationi of Sceeds
lP'rom loted( byI Lonig Irrad(iation --ith hite Jig/llit.
Seecls xx hose (lark germlinationi wvas promlote(l by a

precedling long irradiation with wxhite light coul(d be
reinhibited by a subsequent continuous irracliation
froml the samiie source. See(ds were exposed to anl

initial 48-hour irradiationi with unfiltere( white light
(nmixe(d fluorescent an(d incandlescenit source, 100 ft-c
at dislh level), after which they were transferred to
(larkness for 24 and 48 hours, and returnedl to white
light. Controls in light and dlarkness germinated
up to 2 + 1 c% and 27 -+- 2%_ respectively. Seedls
expose(l only to the initial 48-hour irradiationi ger-

miiinatedI up to 58 + 2% in the subsequent dark

periol. When the seconcd irra(liation was separate(d
fromii the initial one by 24 and 48 hours of darkniess,
germination reached 9 -4- 1 and(l 20 -4- 2%, respec-

tively, in the second light perio(l. At time of transfer
to the second light period, the percentages in these
2 treatmiients were 4 +- 2 and 8 + 1, respectively.
It was clear that a return to light after less thani
48 hours of intervening darkness inhibited germina-

tion of some of the seeds which had been induce(I
by the first light period. The fact that germination
continued even in the second light periocl, indicated
that in the intervening dark period some of the in-
duced seeds had reached a stage at which they could
no longer be inhibited by light, but still require(d
time for final expression of germination.

Effects of Continuous Irradiation with Separ-ate
Spectral Regions. Continuous irradiation witlh B

xvas more inhibitory than with white light, while
wvith R it was promotive (table IX). Continuous
irradliation xvith FR was also nmore inhibitory thani
with x-hite light. Very low energies of B andl FR
ere already inhibitory (table X). Though B in

tables IX ancl X contained somle FR, further experi-

Table VIII
Cotparative Effects of Short and Long Irradiation with White Light oit Conrse of Sutbseqitent Dark Gernillnation
Seeds incubating at 20° were irradiated with unfiltered white light, either for 44 hours from the start of incuba-

tion, or for 10 minutes after 44 hours of darkness. Light source was mixed, from fluorescent and incandescent
lamps, which provided 100 ft-c at dish level. Counted dishes were discarded.

% germination on indicated day of incubation
Treatment

3 5 7 9

44 hours light->dark 2 + 2 32 + 3 61 ' 5 61 -4 4
44 hours dark -* 10 minutes liglht -- dark 5 ± 2 43 ± 4 69 + 2 77 + 4
Controls continuously in dark ... ... ... 36 ± 5
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Table IX
Effects of Contintuous Irradiation with White, Red, and

Bluie Light on Germination

Type of Final germination %
irradiation* 200 250

White (unfiltered) 7 ± 3 10 ± 4
Blue (+ far-red**) 0 0
Red (+ far-red**) 76 ± 5 80 ± 1
Dark control 46 + 3 10 ± 5

* Fluorescent source, 200 ft-c at 200, iCO ft-c at 25°,
measured at filter level.

** Far-red present only in small amount, since light
source was fluorescent.

ments (cf table XII) showed that continuous irradia-
tion with B alone was as inhibitory as with FR alone,
thus indicating that the inhibitory activity of B does
not depend on synergism with FR. The inhibitory
effects of long irradiation with B are in contrast with
the ineffectiveness of short irradiations with B.

Kadman-Zahavi (8) had found that a short irra-
diation with white light, given after long exposure
to a mixture of FR and B, failed to induce complete
germination in Anaranthus retroflexus. This effect
was studied also with 0. mniliacea. Seeds which had
not been pretreated with B were almost fully pro-
moted by the short irradiation, while those pretreated
with B were only partially promoted (about 50%),

Table X
Effects of Continuous Irradiation with Far-red and with

a Mixtuire of Blute anzd Far-red Light of Different
Intensities on Germination at 260

Light intensity at Germination %o in
filter level

(ft-c)* Far-red Blue + far-red

100 2 ±0 0
20 8±0 1±1
5 10 2 6 2

Dark controls ... 22 + 3 ...

* Light source: incandescent lamp.

Table XII
Inhibition by Bluie and Far-red Irradiationts of Subse-

quent Dark-germination as a Functiont of Dutration
of the Light Period

Seeds incubating at 200 were irradiated for various
periods from the start of incubation, with filtered light
from a source of mixed fluorescent and incandescent
lamps, which delivered 100 ft-c at filter level.

Germination % after
Days initial irradiation with
irradiation

Blue Far-red

1 11 + 1 6 2
2 3±2 1 0
3 1 0 2±0
4 0 2±0

Dark Control .... 18 ± 3 ....

in comparison with B pretreated seeds which were

not exposed to a short irradiation (table XI). Simi-
lar results were obtained with seeds exposed to FR
for 3 days. When these seeds were exposed to 15
minutes of white light on the 7th day (after 4 more

days in darkness), 40 3% of them germinated.
FR irradiated seeds which were not exposed to a

subsequent short irradiation gave 4 0% germina-
tion, and those which were not exposed to FR, but
only to a comparable short irradiation, germinated
88 + 3%.

The effectiveness of B, or FR, as a function of
duration of application, in inhibiting dark germina-
tion was studied. Two days of irradiation with
either B or FR inhibited practically all germination
(Table XII).

On the basis of these experiments it appears as if
continuous irradiation with FR and with B were

inhibiting the dark-germinating seeds. Continuous
FR irradiation did not promote any of the light-
requiring seeds. Thus, seeds incubating in darkness
for 5 and 11 days germinated 16 + 3% and
12 1%, respectively, while seeds exposed to FR
radiant energy (from a mixed fluorescent and incan-
descent light source, 150 ft-c at filter level) for 6 days,
after 5 days in darkness, germinated 17 2%.

Table XI
Proiyiotion by a Short Irradiation with White Light, of Seeds Previouisly Inihibited by

Darkntess or by Long Irradiationt with Blue Light
Seeds which had not germinated after 5 days exposure to blue light, or to darkness (remaining from experiment

summarized in table IX) were irradiated for 15 minutes with unfiltered white light from a fluorescent lamp (200 ft-c
at dish level) and returned to darkness.

Germination %o

Treatment 200 250
2 days after 3 days after
irradiation irradiation

5 days dark -* short irradiation -> dark 95 1 97 2
5 days blue (+ far-red*) -* short irradiation -> dark 51 ± 5 49 ± 3
5 days blue ( +far-red*) -* dark 0 0

* FR present onily in small amounts, since light source was fluorescent.
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This contrasted wvith the effects of a short irradiation
with FR, which pronmoted germination of such seeds,
when applied during the later stages of dark incu-
bation (cf fig 3B).

Discussion

The results in tables I, II, and III and figure 2
prove the existence of the phytochrome pigment sys-
tem in seeds of 0. miiiliacea, and show clearly that this
pigment system is responsible for the stimulating
effects of a short irradiation with wlhite light. Pre-
sumably, the balance of the phytochronme remains in
the promotive Pfr [The symbols Pfr and Pr represent
the 2 forms of phytochrome, according to the accepted
terminology (2, 14).] form w!hen the white light is
extinguished.

Response to a short irradliation with R increases
with progress of incubation in darkness (fig 3, table
IV). Obviously, such an irradliation acts only on the
light-requiring fraction of the seed population.
Therefore, the increase in response wN-ith timle mlay
be due to gradual activation of the Pr systeml fronm
an inactive form or precursor. The response to a
short irradiation witlh FR, on the other hand, chaniges
from inhibition in the early hours to promotion in
the later hours of dark incubation. The inhibition by
a short irradiation with FR is obviously related only
to the dark-gernminating seeds. Thus it must be the
light-requiring fraction of the seed population which
is promoted by FR. These considerations point to
the conclusion that the spectral region in wNhich P,
absorbs is sufficiently wvide to include part of the
region in wlhich our FR filters transmit (fig 1, table
IV), and that in adclition the equilibriunm state favors
Pfr. The phytochromiie in the dark germinators is in
the Pfr formii (2, 14). During the early hours of in-
cubation, relatively little Pr hlas been activatedl in the
light requirers. Consequently, a short irradiation
with FR will inhibit more dark germinators than it
will promote light requirers. The situation changes
with advancing incubation, inasmuch as nmore and
nmore of the (lark germinators will have started the
light-irreversible terminal process of germination,
an(l more and more light requirers will have de-
veloped Pr aind will have consequently increase(d their
promotive response to the FR absorbe(d by the P,.

Continuous irradiation with white light is inhibi-
tory, reducing gernmination below that of the (lark
controls. The spectral analysis of the effects of
continuous white light (tables IX-XII) has slhown
that continuous irradiation wN,ith FR or B is com-
pletely inhibitory, wvhile R is always promotive
(tables IX, X, XII). Yet long irradiation with
white light becomes as promotive as short irra(liation
(in comparison to nonirradliated controls), when
followed by darkness (tables V, VI, VIII). A short
irradiation with FR completely reverses the promo-
tion of dark germination induced by a precedIing long
irradiation with white light (table VII). It thus
appears that when the seeds are transferred to dark-
ness fromi continuous irradiation wvith xwilte light, the

balance of phytochrome remiaaiimS in the promotivxe
Pfr form as is the case with the short irradiationi
with white light. It seemls likely that the continuous
presence of R wxith the B andlFR in white light
maintains the Pfr formi of phytochronme, while con-
tinuous presence of B alnd FR prevents Pfr froml
initiating the light-indepeindent terminal process of
germiniationi.

The pronmotion of (lark germiiniation by a precedl-
ing light periodI can also be reversed by a returni to
continuous light (table III ). It seemis likely that
both inhibitions act on seeds in which the phyto-
chrome is in the Pfr formii. However, the reversal by
short FR seemls to differ fromii tlle one by long NxvhIite
light (vhiclh is presumably due to its B alnd FR con-
tent). It is likely that the former operates merely
by transforming Pfr back into the inactive P, while
the latter causes a more profound inhibition,. as iS
evident from the incomiplete repromotion by a sliort
irradiation (table XI). The nature of this (liffel-ence
is being investigated.

Three of these pheniomiienia inidicate the participa-
tion of an additional pigmenit system in the photoconi-
trol of germination in 0. miliacca. First, continuous
FR is entirely ineffectiv-e in promoting germination
of the light-re(quiring fraction, while a slhort irra(lia-
tion with FR becomles mlore anid mlore pronioti Xe
witlh progress of incubationi (fig 3). The dark ger-
minators, however, are inhlibited by both types of
FR treatment. Secondly, short irradiations with B
have no discernilble effects on germilnation, w%hile long
ones are highly inhibitorv to seeds wNhose phyto-
chrome is in the P'r forml. Lastly, the inhibitory
responses to continuous FR bear a striking resem-
blance to those of continuous irradiation with B
(table XII). Thouglh a comlprehensive study of the
action spectrum of these inhlibitory irradliatioins wvas
not carrie(l out, it is suggested that the additional
pigment system is similar to the hiiglh energy B-FR
system postulated by AMohr (12). In the present
case, the B-FR system operates antagonistically to
the phytochrome system,. blocking the activity of Pf,r
This is similar to the antagonistic actioni of tlle 2
pigment systems in the formiiationi ancl straightening
of the plumular lhook of the lettuce see(lling (12'

Summary

Germiniationi of seeds of O-vo.psis milicicc(a Asch.
et Schlw. is inhibited by conltinluous light and( p)r)-
moted by a short irradiationi. This dlual action of
light was investigated by spectrail antd kinetic analysis.

The pronmotive effects of slhort irradiationis operate
through the phytochronme sv stem, the equilibr millm
favoring the promotive far-re(d absorbing fornii of the
pigment (Pfr). Hoxvever. the response to slhort
irradiations wvith far-re(d light clhanged from inhlibi-
tion in the early hours of incubation, to promlotion
in the later hours. \Nlhereas the inhibitory slhort
irradiations wxith far-red lighlt were acting on the
dark-germinating fraction of the seed population, the
promotive olnes were acting on the lighlt-requiring
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fraction, in which the red-absorbing form of the
pigment (Pr) was being gradually activated. This
stimulating effect of far-red radiant energy is attribut-
able to a probable wide absorption of Pr, which could
be activated by part of the light transmitted by the
far-red filters used.

The inhibitory effects of continuous irradiation
with white light were traced to the presence in it of
the blue and far-red regions. Continuous irradiation
with blue and far-red light prevented subsequent
germination in darkness, while continuous irradiation
with white light prevented germination only as long
as it was applied, and caused promotion if followed
by darkness. This promotion could be reversed by
a short irradiation with far-red light as well as by
continuous white irradiation. This indicates the pos-
sibility that presence of red in white light is prevent-
ing the inhibition induced by its blue or far-red spec-
tral regions, leaving most of the phytochrome system
in the Pfr form. At the same time, presence of blue
and far-red in the white light is preventing the real-
ization of the promotive action of Pfr.

It is suggested that an additional pigment system
is participating in the photo-control of germination
in this species, namely the high-energy blue-far-red
system.
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