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Rapid growth inhibition of Gherkin

hypocotyls in blue light1

G. Meijer

Philips Research Laboratories, N.V. Philips’ Gloeilampenfabrieken Eindhoven

SUMMARY

The elongation of dark-grown gherkin hypocotyls has been recorded continuously in darkness

and on exposure to blue, red or far-red light. Evidence was obtained that the inhibition of

elongation in blue light is not mediated by the phytochrome and “high energy reactions” but

that a specific blue-lightabsorbing pigment is involved.

1. INTRODUCTION

1

Paper presented at the S.E.B. meeting, WageningenApril 1967.

Investigations into the spectral dependence of photomorphogenetic effects have

shown that there are 3 active spectral regions: blue (B,400-500 mja), red (R,

600-700 mp.) and far-red (FR, 700-750 mp.) light. The effects of red light are

mainly mediated by the transfer of P
R,

the red-light absorbing form of the pig-

ment phytochrome, into the far-red-light absorbing form P
FR . If, after exposure

to red light (PR J^.PFR), far-red light is given, the P
FR

is reversed into P
R,

the

red-light effect being largely prevented. The effects of blue and of far-red light

have been interpreted in 2 different ways. Hendricks c.s. (1959a, b) originally

suggested that the response to blue and far-red light was also mediated by

phytochrome (scheme, la). This suggestion was made more plausible after

Butler c.s. (1964) had presented the absorption spectra of both forms of

phytochrome. P
R has, inaddition to a maximum in red, some absorption in the

blue and the far-red regions also. In addition to a maximum in far red, P
FR

also

shows some absorption in the fed and blue-light regions. Butler c.s. (1963) have

shown that far-red light indeed slightly shifts P
R

->P
FR .

It has been reported

occasionally that the photomorphogenetic effect of blue light can be nullified

by a subsequent irradiation with far red (Bertsch 1963) and that the effect of

red light can be prevented by a following exposure to blue light (Meyer 1958,

1959).

Recently, however, Hendricks mentionedin a letter (1966) that experiments
with Hyoscyamus gave evidence of a specific blue, far-red-sensitive reaction

(scheme, lb) with a corresponding pigment absorbing in the blue and far-red

regions. Some authors (schemes IIa & III) postulated that in addition to a

phytochrome reaction, a blue, far-red-light-sensitive reaction, not effectuated

by phytochrome, was probable. After Butler showed that far-red light may

cause a shift of P
R

->P
FR,

some of them have now adopted the view that the

effects of the blue and far-red spectral regions (scheme lib, Hartmann 1966;
Wagner & Mohr 1966), or at least those of the far-red region (scheme lib.
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2. MATERIAL AND METHODS

Gherkin seedlings (Cucumis sativus, “Venlose niet plekkers”, strain Tercken

VI) were grown in darkness at 25 °C and were used three days after sowing,

the length of the hypocotyls then being 25-30 mm.

Irradiation was carried out in light cabinets with light of different spectral

regions, the characteristics of which have been given before(Meijer 1957, 1965).
The temperature was maintained at 25 °C, the air humidity at 80%.

Growth was recorded with the aid of a modified displacement pick-up

(PR 9310/01) in combination with a measuring bridge (PR 9300) and a record-

er (fig. I) The growing hypocotyl moves a core in a magnetic field induced by

a primary coil. The displacement of the core changes the induction of the

two secondary coils differentially. The weight of the core is compensated for

the greater part by a spring and varies from 80 mg (lowest position) up to 85

mg (highest position). The measurements are linear for a displacement of 1 mm

only. At the end of the scale (1 mm displacement = 250 mm full scale) the

1 The author is very much indebted to Mr. C. C. J. Addink and Mr. A. C. Vandevelde

who modified the standard apparatus for this special purpose and improved the temperature

control.

Scheme Interpretationof photoreactions

Wagner & Mohr 1966) are brought about by a shift of P
R

->P
FR . Results

of some experiments have been interpreted in this way (Vince & Grill 1966);

Rollin & Maignan 1966, 1967) but other explanations, not based on changes
of the state of phytochrome, still remain possible. By recording the elongation

of dark-grown gherkin hypocotyls in darkness and on exposure to light evi-

dence is obtained that a specific photoreaction confined to the blue part of the

spectrum exists.

a; 10years ago

b; now

Red light Blue light Far-red light

la Phytochrome Phytochrome Phytochrome
lb Phytochrome Blue, far-red light-sensitivereaction

Ha Phytochrome “High energy reaction” (Mohr) =“Prolonged-

exposure reaction” (Vince) = “Blue, far-red-

light-sensitivereaction” (Meijer)

lib

or

Phytochrome

Phytochrome

Phytochrome Phytochrome

? Phytochrome

Ilia Phytochrome “Blue, far-red-light-sensitivereaction”

mb

and

Phytochrome Blue-light-sensitive Far-red sensitive

reaction reaction (Phytochrome)

“Blue, far-red-light-sensitivereaction”.
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recorder pen switches on a motor. The table on which the plant is fixed moves

down over 1mm, the motor is switched off when the recorder pen reaches the

beginning of the scale. In this way growth can be recorded for a longer period.

3. RESULTS

The results of 3 experiments are given infigs. 2 and 3. As can be seen infig. 2, the

blue light inhibits the elongation instantly and the decrease in growth rate

(fig. 3) is very fast. The inhibitionby red and by far red, on the contrary, shows

a lag period and in both cases the drop in growth velocity occurs more gradually.

Higher and lower light intensitiesdid not change the results qualitatively. The

ultimate inhibitionof the growth rate diminished with decreasing light intensi-

ties.

4. CONCLUSION

As early as 1922 Koningsberger studied light growth reactions of Avena

coleoptiles in relation to phototropism. The time needed for a certain elonga-

tion was recorded and the growth rate calculated. With the low light intensities

Fig. 1. Apparatus for recording

growth continuously.
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Fig. 3. Growth rate in (xm/min
of dark-grown gherkin

hypocotyls in darkness

and on exposure to light

( 4. ) calculated from the

curves in fig. 2 (per 3 3/ 4

min).

Fig. 2. Records of the elongation of dark-grown gherkin seedlings in darkness and on ex-

posure to light (V) ofthe blue (500 ;j.W/cm
2
), the red (600 ixW/cm2 ) and of the far-red

(600 !iW;'cra!

) region. Ordinate: time in hours, abscissa: length in mm.
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used, it was found that only light of shorter wavelength regions (400-620 mp.)
and far red (700-800 mp) decreased the growth rate of dark grown coleoptiles.
Red light (620-700 mu.) did not show any significant activity. In addition, after

passing a minimumin about 36 minutes (or 70 minutes in light of 440-460 mp)

the growth rate gradually increased. The length of the lag period cannot accu-

rately be determined from the curves presented. It appears, however, that the

lag period for far-red light is about the same as for light of 440-460 mp (20-30

minutes) which is longer than for light of 420-440 mp and of 460-480 mp. It

was concluded that the Avena coleoptile is more sensitive to light of shorter

wavelength than to light of longer wavelength.

The differences between these results and those presented in the present paper

(sensitivity to red light, restoration of growth rate) may be due to differences

in organs used (coleoptile versus hypocotyl) and other experimental conditions.

By means of time-lapse photography Galston c. s. (1964) have shown that

the lag for a temporary decrease in growth rate of etiolated pea seedlings induced

by red light is about6 hrs.

The growth records of the gherkin hypocotyl show clearly that the activity of

blue light is not effectuated in the same way as the activities of red and of far-

red light. The “High-energy reaction” (“Prolonged-exposure reaction”), de-

pending very much on the length of irradiation, is certainly not involved, as in

this case the plant reacted instantly.
We may conclude that in the photoinhibition of the growth of the gherkin

hypocotyl a distinct, blue-light absorbing pigment is involved, in addition to the

“phytochrome reactions” P
R

P
I R

and possibly P
R

ar P
FR . The results

do not permitany conclusion as to whether the effect of far-red light is media-

ted by phytochrome or not.

In this connection it may be mentioned here that Evans c.s. (1964) have

shown that lettuce seedlings older than 60 hours had lost their sensitivity to far-

red light but that the inhibiting effect of blue light still existed.

It is possible, however, that a “blue, far-redreaction” (Meijer & Engelsma

1965) and a specific far-red reaction are involved as well (scheme III). This

assumption is supported by the spectral dependence of light-controlled leaf

movement of Mimosapudica. Fondeville c.s. (1967) have shown that at least

three photoreactions, mediated by phytochrome, a blue, far-red absorbing

pigment (or two different pigments) and a blue-light absorbing pigment are

involved.
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