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1. INTRODUCTION

The testing of strawberry selections for viruses constitutes an essential part of the
breeding work. Since strawberries are propagated vegetatively and some virus infec-
tion may occur despite exiensive control measures, the mother plants should be tested
before being propagated. At our Institute the usual practice is to graft a runner of the
test plant on to a runner of Fragaria vesca, the latter being used as an indicator for
strawberry viruses. It is necessary to take more than one graft per plant, to make sure
that the plant is free from virus, so several runners are required. Because of the divi-
sion of work it is desirable to carry out these operations in the autumn and winter
mounths, so runners should be available when the strawberry plants have entered the
rest period. Runner production on Fragaria vesca never presented any difficulty, but
there was some difficulty with the strawberry test plants.

In the autumn and winter of 1952-53, the second writer tried, in connection with
experiments carried out by BORTHWICK and PARKER (1), to produce runners on straw-
berry test plants under about 11-hr. days by interrupting the dark period, however,
without any result, Hence the first writer was asked to find out why runners had not
been produced.

In view of the fact that strawberry plants will flower if the temperature is “low
enough”, the obvious thing to do was to study the interrelation of temperature and
day length in runner formation. At the same time it was desirable to ascertain when
the plants should be brought indoors and the long day treatment begun. To simplify
matters, the long day was not produced by interrupting the dark period, but by giving
additional light directly following daylight.

These experiments have shown that in autumn and winter sufficient runners are
formed if the plants are placed under long days at a high temperature (23 °C constant),
provided they have been brought indoors in time; under identical conditions at 17 °C
runners were not produced at all.

Now we know why the strawberry plants to be tested in 1952-53 did not produce
any runners. In these experiments the temperature was about 17 °C, which is too low
for runner formation to take place under long days. Unfortunately, BORTHWICK and
ParkEer (1) have not stated the temperatures used in their experiments, The conse-
quence of their way of representing the matter may be, however, that runners fail to
be produced owing to the temperatures being too low.

In the course of our 1953-54 experiments we found that in 1937 DARROW (2)
had already published on the effect of temperature and day length on runner produc-
tion in strawberries. As will be seen from the discussion (§ 3) it is not likely that
sufficient runner formation would have taken place, had we applied his findings.
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2. EXPERIMENTS

These were carried out in the phytotron of our Institute; details of the equipment
will be published elsewhere. The strawberry variety Deutsch Evern served as a test
plant. Only healthy, homogeneous clones approved by the Netherlands General In-
spection Service for Arboriculture (N.A.K.-B) were used. In general the experiments
consisted in transferring plants on 2 different dates {(early Sept. and early Oct. 1953)
from a cold frame to a glasshouse, and placing them under long and short days at
17°C and 23 °C respectively. At the beginning of Oct. 1953 some of the plants that
had been brought indoors early in Sept. 1953, and grown under short days, were
placed under long days at both temperatures. The experiment was finished on March
11, 1954. During the whole experiment temperatures were kept constant. The short
day consisted of winter day light; the long day of winter day light followed by weak
incandescent light until 16 hours. The intensity of the incandescent light was about
200 lux, measured with a Dr. Lange photometer, standard type no 203/11, calibrated
by the KEMA (Institute for testing electro-technical materials). The planis were
observed from time to time, and the runners vsuvally removed after each observation
in order to aveid errors.

Table I shows that, in our experiments, runners are only produced in long days at
23 °C, hence there must be a distinct relation between temperature and day length in
runner formation. In addition, the moment at which the plants were brought indoors
and the long day treatment was started is of importance. Only on plants brought in-
doors and illuminated from early Sept. 1953 at 23 °C were sufficient runners formed.

TABLE |, TOTAL NUMBER OF RUNNERS UNDER LONG DAYS AT §7 °C AND 23 °C FROM THE BEGINNING OF
THE ILLUMINATION TO MARCH 11, 1934, FIGURES FOR NUMEER OF PLANTS ARE GIVEN BETWEEN

BRACKETS
17 °C ’ 23°C
Brought indoors in and illuminated from early Sept, 1353 . . . 0 (24 pl) . 104 (20 pl.)
Brought indoors in and illuminated from early Oct, 1953 . . . 0 (25pl) 22 (24 pl)
Brought indoors early in Sept. 1953 and illuminated from early
Oct. 1953 . . . . . . . e (24 pl) 25 (22 pl)

Plants grown under short days at both temperatures did not form any runners at
all, but started to flower after some time and kept on flowering throughout the winter.
Flowering also occurred among the plants that were grown under long days. The
number of flowering plants in the experiment was smallest in the group brought in-
doors in and illuminated from early Sept. 1953 at 23 °C, i.e. in the group of plants that
produced the largest number of runners (see Table 1). After some time it became
evident that temperature had a marked effect on the number of flowering plants under
long days; their number was appreciably larger at 17 °C than at 23 °C. Temperature
had little or no effect on the number of flowering plants under short days.

Moreover, there were striking differences in the number of leaves and the length of
the petioles, as is shown in fig. | and 2 for the groups brought indoors early in Sept.
1953. Flower stalks were longer under long days than under short days.
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FiG. 1. PLANT ON LEFT BROUGHT INDOORS EARLY (N SEPT. 1953 AND PLACED UNDER SHORT DAYS AT

23"C; PLANT ON RIGHT DITT®, BUT UNDER LONG DAYS. PHOTO TAKEN IN MARCH 1954

F1G. 2. PLANT ON LEFT BROUGHT INDOORS EARLY IN SEPT. [933
17" C; PLANT ON RIGHT DITTO, BUT UNDER LONG DAYS. PHOTO TAKEN N MARCH 1954

AND PLACED UNDER SHORT DAYS AT
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3. Discussion

From the experiment described in § 2 it is quite clear that both temperature and day
length are decisive factors in runner formation on strawberry plants in autumn and
winter. In § 1 we referred to the fact that Darrow (2) has already published on the
effect of temperature and length of day on runner production in strawberries. As we
already said, however, if is not likely that sufficient runners would have been produced,
had we applied his findings.

If we compare the results of DARROW’S experiments with our own, it appears that
from Nov. | to March 30 DarrGW obtained 72 runners on 27 plants (9 widely diffe-
rent varieties of 3 plants each) at 60°F (15,5°C) under a 16-hour day. We obtained
no runners at all in practically the same period at 17°C under the same Jength of day.
At 70°F (21°C), under a i6-hour day, DarRROW obtained 312 runners on 27 plants.
We obtained 105 runners on 20 plants at 23°C under the same length of day, which
is not even half that number, .

Assuming that the temperatures used by DARROW were kept sufficiently constait
throughout the experiment, it would seem that the American varieties will produce
runners at a lower temperature than the variety Deutsch Evern used in our experiment,
which variety is known here to produce runners easily,

It is also possible that a higher intensity of the additional light in Darrow’s experi-
ment caused runner formation to take place at a lower temperature, for WENT (3)
found that flower initiation at low temperature under long days can be suppressed if
the intensity of the additional light is high enough. Unfortunately, DARROW has not
stated the intensity of the additional light, which, in cur case too, directly followed
day light. In any case, only further experiments can enlighten us on this point.

4. SUMMARY

In order to test strawberry selections for viruses, for which runners are necessary, the
second writer tried, in connecticn with experiments carried out by BORTHWICK and
PARKER (1), to produce runners in the autumn and winter of 1952-53 by interrupting
the dark period, however, without any result. Experiments carried out in 1953-54
have shown that too low a temperature was the cause of this failure, for runner
formation in autumn and winter is dependent not only on day length but alse on
temperature.

in the course of our 1953-54 experiments we found that in 1937 Dargow (2) had
already made mention of the interrelation of temperature and day length in runner
formation. However, it is not likely that sufficient runner formation would have
taken place, had we applied his findings.

SAMENVATTING

Uitlopervorming aan aardbeiplanten in de herfst en winter

Yoor hel toetsen van aardbeiselecties op virusziekten, waarvoor uitlopers nodig
zijn, is door de tweede auteur, in verband met proeven van BORTHWICK en PARKER (1),
getracht in de herfst en winter van 1952/°53 uitlopervorming te bewerkstelligen door
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middel van nachtonderbreking, echter zonder resultaat. Uit proeven van 1953/54
is gebleken, dat een te lage temperatuur de oorzaak hiervan is geweest, want uitloper-
vorming in de herfst en winter is niet alleen afhankelijk van de daglengte, maar boven-
dien van de temperatuur.

Tijdens onze proeven van 1953/°54 bleek, dat DARROW (2) reeds in 1937 mededeling
gedaan heeft over het verband tussen temperatuur en daglengte op de uvitlopervorming
bij aardbeien. Het is echter niet waarschijnlijk, dat door toepassing van zijn resultaten
in ons geval voldoende uvitlopervorming zon hebben plaats gevonden.
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II. INFLUENCE OF THE LIGHT INTENSITY ON THE PHOTOPERIODICAL BEHAVIQUR

L. SMEETS
Institute of Horticultural Plant Breeding, Wageningen, Netherlands
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1. INTRODUCTION

Before propagating them, the mother plants of strawberry selections should be
tested for viruses. This work constitutes an essential pari of the breeding programme.
At our Institute the usual practice is to make grafts between runners of the mother
plant and runners of Fragaria vesca, using the latter as an indicator for strawberry
viruses. The difficulty was to produce runners on the mother plants in autumn and
winter, in our case the most suitable time for grafting in view of the available labour.
To this end experiments were started with the sirawberry variety Deutsch Evern to
find out the conditions for runner production.

In a previous publication (2) it was stated that in autumn and winter sufficient
runners are produced by the variety Deutsch Evern if the plants are placed under
long days at a constant temperature of 23 °C from the beginning of September.
Under identical conditions at 17 ° C runners were not produced at all. The long day
consisted of daylight followed by incandescent light of about 200 lux from half an
hour before sunset until the total photoperiod was 16 hrs.

A disadvantage, however, was that the plants had to be kept under these conditions
for about six months before they had produced a sufficient number of runners. Since
runner production is one of the facets of a vigorous vegetative development it is likely
that the light intensity is of importance. Therefore it was ascertained if runner pro-
duction at 23 ° C could be promoted by increasing the light intensity during the day or
the intensity of the additional light or both. The effect of a long day at 20 ° C was not
studied in our previous experiment. Hence, in the present experiments the effect of
light intensity on runner production was studied not only at 23 °C but alsoat20°C
and for completeness at 17 ° C as well.

Under these conditions a marked effect both on runner production and flowering
was observed. In this paper only the effects of temperature and light intensity on
runner production will be reported and discussed.

2. MATERIAL AND METHODS

Both in these and our previous experiments (2) runner plants of the strawberry
variety Deutsch Evern served as test plants. The experiments were carried out in the
air-conditioned glasshouses in the phytotron of our Institute. The plants were taken
out of a cold frame and brought indoors early in September 1954, and divided into
12 comparable groups originally of 23 plants each. At each of three constant tempe-
ratures viz. 17 °C, 20 ° C and 23 ° C four of these groups were placed under long days.
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The maximum deviation from the mean temperature was 1 °C. At each temperature in
two of the groups daylight was supplemented from 8 a.m. till 4 p.m. with artificial
light from Philips high tension mercury lamps HO 450 watt. The intensity of the
mercury light was about 6000 lux. From half an hour before sunset until the total
photoperiod was 16 hrs, incandescent light was given in these two groups. In one
group the intensity of the incandescent light was about 200 lux; in the other about
500 lux. The two groups grown at each of the three temperatures in which daylight
was not intensified by mercury light, also received additional incandescent light from
half an hour before sunset until the total photoperiod was 16 hours. The intensity of
the incandescent light was about 200 lux in one group, about 500 lux in the other.
The different treatments at each of the three temperatures are summerized in the

scheme below; the following abbreviations are used: d = daylight; m = mercury
light; i 200 = incandescent light of about 200 lux; i 500 = incandescent light of about
500 Tux,

d - 1200

d 4 i 500

(d + m) + i200

(d 4+ m) 4 1500

The light intensities were measured with a Dr. Lange photometer, standard type
no 203/11, calibrated by the KEMA (Institute for testing electro-technical materials)
for each of the light sources used in this experiment.

In the middle and at the end of each month runners of 5 cm or longer were counted
and removed. At the same time inflorescences having one or more open flowers or
ripening fruits were also removed and the number of flower buds, flowers and fruits
on these inflorescences counted.

The experiments were started on September 9, 1954,

3. EXPERIMENTAL RESULTS

Table 1 shows the total number of runners produced between Qct. 1 and Dec. 31,
1954, in the different groups at 17 °C, 20 °C and 23 °C. It appears that at 17 °C
runners were only produced, though not more than two, in (d + m) + i 500. At 20°
and 23 °C runners were produced in all 4 groups, but the number of runners was
much lower at 20 °C than at 23 °C.

TABLE 1. TOTAL NUMBER OF RUNNERS PRODUCED BETWEEN OCT. | AND DEC. 31, 1954, IN THE DIFFERENT
GROUPS AT 17°, 20° anD 23° . PLANT NUMBERS ARE GIVEN BETWEEN BRACKETS

‘ .
‘ 17 °C | 20 °C 23 °C

d+i 200 ; — (23 pl) { 1121 ph) 74 (23 pl.)

d+i 500 ~ (23 pl) 20 (22 pl.) 144 (21 pl}

(d-+m)--i 200 \ — (23 pl) ‘ 33 (23pl) 146 (22 pl)

(d+m)-+is00 | 223 ply | 44 (23 pl) 237 (22 pl)

Consequently there is a marked effect of temperature on runner production, as was
also the case in our previous experiment {2). This effect has already been demonstrated
by DArRrROW (1) for a number of American strawberry varieties.
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Table 1 also shows that the light intensity has an effect on runner production.
At 20° and 23 °C more runners are produced by increasing the light intensity during
the day or the intensity of the additional light, or both. But increasing the light intensity
produced the best results at 23 °C under the conditions of these experiments.

Finally it should be noted that in (d 4 m)y + i 500 at 23 °C the highest number of
runners were produced. This point will be discussed below. '

The experiments at 17° and 20 °C were finished in the beginning of January 1955.
The same was the case with d -- 1 200 at 23 °C. Observations on runner production in
the other 3 groups at 23 °C were continued until March 31, 1955.

Table 2 shows the total number of runners produced per month in each of these
groups between Oct. 1, 1954, and March 31, 1955. It appears that in October and
November there was but little difference in runner production between (d + m) <+ i 200
and d - i 300. In October more runners were produced in (d 4+ m) 4 i 500 than in
(d 4 m) +i200and d -+ i 500.

TABLE 2. NUMBER OF RUNNERS PRODUCED PER MONTH BETWEEN 0OCT. 1, 1954, AND MarcH 31, 1955,
IN THREE GROUPS AT 23 °C. PLANT NUMBERS ARE GIVEN BETWEEN BRACKETS

QOct. Nov, l Dec. Jan. Febr. March
. | \ |
d-+1 500 {21 pl) 37 82 25 2 ‘ 13 46
(d+m)+i 200 (22 pl) 32 85 ‘ 29 14 | 33 120
(d-+m)+i 500 (22 pl.) 58 91 | 88 78 |97 159

In December and January the number of ronners produced in (d 4+ m) 4- 1 200 and
d - 1500 decreased very markediy. On the other hand there was only a slight decrease
in runner preduction in (d -+ m) 4 1 500. In February and March runner preduction
in the 3 groups increased considerably again. Apparently there is a decline in runner
production in d-i 500 and (d--m)--i 200 in December and January, the deepest
point being in January., '

In this connection it is of interest to meution the experiments of DARROW (1) wlich
also show a decline in runner production in the middle of the winter. From his
figures it appears that between November 1 and March 30 in a 16hr day (“‘normal
day plus artificial light after dusk as required”) at 21° C (70 °F) far less runners were
produced in January than in November and December, while the number of runners
produced in February and March increased again. So in DARROW’s experiments there
is only a decline in runner production in January, probably due to the fact that his
experiments were carried out in a much lower latitude. In any case, my experiments
have shown that there is hardly any decline in runner production if both the light
intensity during the day and the intensity of the additional light are high enough.

4. DIscUSSION

As stated in section 3 there is a decline in runner production in (d + m) - i 200
and d 4 i 500 in December and January (see Table 2). The question arises whether
this decline is due to a lower number of runners being initiated, or to the fact that of
the runners initiated only a few appear. Unpublished results of the present author
have shown that at 23 °C there are about 4 weeks between the initiation and the
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appearance (visible to the naked eye) of a runner in the strawberry variety Deutsch
Evern. It is remarkable that the first runners at 23 °C appeared practically simultane-
ously, about 4 weeks after the beginning of the experiments. Moreover the decline
does not coincide with the months with poor light (Nov., Dec. and Jan.) but starts
about a month later {Dec.). The deepest point is not in Decemnber, the month with the
poorest light, but in January. These facts suggest that the decline in runner production
in{d + m) -- 1200 and d < i 500 in December and January is due to the fact thatin
these two groups in November and December far less ranners are initiated than in
(d < m) + 1500 in the same months.

Certainty may be obtained by micro-morphological observations with the aid of a
binocular dissecting microscope. This can be done by determining, on a fair number
of plants, the number of runners initiated at about the end of November, e.g. both in
(d + m) -+ i 500 and d + i 500. This number would have to correspond with the
number of runners in the remaining plants appearing during December, To this end
further experiments are needed.

5. SUMMARY

The present experiments with runner plants of the strawberry variety Deutsch Evern
are part of an investigation carried out to determine the conditions under which
runuers are produced in autumn and winter. This information is necessary to produce
runners on mother plants of strawberry selections which are tested for viruses during
these seasons.

In this paper the influence of increasing the light intensity during the day or the
intensity of the additional light, or both, on runner production under a 16 hr day was
studied at 17 °, 20° and 23 °C.

It was found that at 20° and 23 °C more runners were produced by increasing the
light intensity during the day or the intensity of the additional light, or both, But
increasing the light intensity produced the best results at 23 °C. At that temperature
there was a decline in runner production in Pecember and January, if only the light
intensity during the day or the intensity of the additional light had been increased. This
was hardly the case when both light intensities had been increased.

5. SAMENVATIING
Uitlopervorming aan aardbeiplanten in de herfst en winter
il Invioed van de lichtintensiteit op het photoperiodieke gedrag

De hier besproken proeven met uitloperplanten van het aardbeiras Deutsch Evern
vormen een onderdeel van een onderzoek naar de voorwaarden, waaronder in de
heifst en winter uitlopers gevormd worden. Deze gegevens zijn noodzakelijk om in de
genoemde jaargetijden uitloperverming te bewerkstelligen aan moederplanten van
aardbeisclecties, die op virusziekten getoetst worden.

Onderzocht werd de inviced van een verhoging van de lichtintensiteit overdag of
van het aanvallend licht, of van beide, op de uitlopervorming bij een daglengte van
16 uur bij 17°, 20° en 23 °C.
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Gebleken is, dat bij 20° en 23 "C meer uitlopers gevormd worden, indien de licht-
intensiteit overdag of de intensiteit van het aanvullend licht of beide verhoogd werden.
Een verhoging van de lichtintensiteit gaf de beste resultaten bij 23 °C. Bij deze tempe-
ratuur bleek echter in December en Januari een depressie in de uitlopervorming op te
treden, indien slechts de lichtintensiteit overdag of de intensiteit van het aanvullend
licht verhoogd was. Dyt was nauwelijks het geval wanneer beide lichtintensiteiten
verhoogd waren.
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