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S T E L L I N G E N 

I 
In de omschrijving van fruitteelt als de teelt van eetbare vruchten aan hou-

tige gewassen verdient het aanbeveling het woord 'houtige' te vervangen door 
'overblijvende'. 

II 
Er wordt nog onvoldoende gebruik gemaakt van de mogelijkheden, die 

dagverlenging met zwak gloeilicht biedt voor een betere beworteling bij stek-
ken van een aantal houtige gewassen. 

Ill 
Het voordeel van uitbuigen in de spilleteelt berust primair op het sparen 

van takken en niet op een bevordering van de bloemaanleg. 

P. J. A. L. DE LINT. Stelling VIII. Diss. L. H. 1960. 
H. JONKERS. De Fruitteelt 1960:372-374. ' ' 

IV 
Met betrekking tot de bloemaanleg heeft de overgang van volwassen fase 

naar jeugdfase zeer waarschijnlijk plaats via een eencelstadium. 

V 
Door WOYKE is definitief aangetoond dat de geslachtsbepaling bij de ho-

ningbij niet berust op de verhouding van aantal geslachtschromosomen en 
stellen autosomen, zoals MANNING verdedigde, maar zeer waarschijnlijk op 
een allelenserie, net als bij Bracon hebetor Say ( = Habrobracon juglandis 
Ashmead). 

J. WOYKE. J. Apic. Res. 2, 1963: 19-24. 
J. MANNING. The Microscope 9, 1952: 93-98.' 

VI 
Dagverlenging met zwak gloeilicht vermindert bij de vroege aardbeiforceer-

teelt het gevaar voor Botrytis cineria Pers. door de invloed op plant en schim-
mel beide. 

R. J. LUKENS, Am. J. Bot. 50, 1963: 720-724. 

VII 
De uitspraak in de praktijk dat voor de glasteelt aardbeiklonen met zwak 

virus meer voldoening kunnen geven dan virusvrije, geldt wel bij onvoldoende 
teeltbeheersing, maar is in zijn algemeenheid verwerpelijk. 

W. S. ROGERS and M. G. FROMOW. Annu. Rep. East. 
Mailing Res. Sta. 1957: 50. 

Dissertatie H. JONKERS 

Wageningen, 23 juni 1965 



VIII-
Boomkwekers dienen eerder ingelicht te worden over veranderende over-

heidsadviezen voor fruittelers aangaande de onderstammen- en rassenkeus 
dan heden het geval is. 

IX 
Door publikatie van oplagecijfers en verspreidingsareaal kan bij weten-

schappelijke tijdschriften de doelgerichtheid voor auteurs vergroot worden. 

X . . . 
De titel van het tijdschrift 'Mededelingen van de Landbouwhogeschool 

Wageningen' spreekt in het buitenland onvoldoende aan en als nieuwe hoofd-
titel wordt aanbevolen: 'Bulletins Wageningen Agricultural University'. 

XI 
Aan de grotere mogelijkheden van een nieuwe aanplant in een nieuwe f ruit-

streek, vergeleken met de vernieuwing in een oude streek, is sociologisch en 
economisch nog te weinig aandacht besteed. 

XII 
Vestiging van tuinbouwbedrijven langs de Dedemsvaart biedt perspectief 

voor de welvaart en ontwikkeling van Rouveen. 

XIII 
De waarde, die studie aan de Landbouwhogeschool voor meisjes kan heb-

ben, .wordt in bepaalde bevolkingsgrpepen onvoldoende beseft. 

XIV 
De vele chemische substanties, die in het milieu van de mens worden ge-

bruikt, zijn of worden onvoldoende getoetst op hun mutagene werking. 

XV 
De theocratie, de staatsvorm die de erkenning uitdraagt dat alle gezag terug 

gaat op GOD en aan Zijn wetten onderworpen is, heeft meer visionaire dan 
praktische waarde bij de vormgeving van het staatkundige leven. 

H. JONKERS en A. POL. Chr. Hist. Tijdschr. 
9 (4) 1964: 15-32. 
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1. GENERAL 

1.1. FORCING IN THE NETHERLANDS 

The fruit of the strawberry plant is a delicacy which is grown and eaten in 
many areas of the world from the equator to the arctic circle (37). 

Already several centuries ago gardeners of castles and country-estates in the 
Netherlands were able to produce ripe fruits earlier than normal (50, 110). 
Sometimes they were in competition to have the fruits on dates as early as 
possible in the year. 

Although nowadays frozen and canned strawberries are available at any time 
of the year, there is still a place for out-of-season fresh strawberries, especially 
early in spring and high prices are paid for them. 

The production of marketable strawberries outside their natural season will 
be defined as 'forcing'. This 'forcing' can be split up into 'preparing' the plant 
to be forced and the proper forcing. These phases occur during periods of weak 
growth and vigorous growth respectively. 

In the Netherlands several papers on the forcing of strawberries appeared 
from 1930-1942 and from 1959-onwards: ROODENBURG (131-137, 142), 
RlEMENS (125, 126), VAN DEN MUYZENBERG (108-114), SCHALK (145), P G E M 
(2-5, 18, 53) and BLOMMERS and KNECHT (13-16, 81, 88, 89). The 2 peaks in 
Dutch literature are connected with the economic conditions of the country. 
Forcing of strawberries is an indication of luxury. The most extensive paper 
was written by VAN DEN MUYZENBERG in 1942 (110), but war conditions and 
economic reasons have prevented the use of his methods for producing fruit 
all the year round. However, the interest for year-round culture is reviving (14), 
though the procedure is not realised in practice yet. 

In 1965 the most important centre in the Netherlands can be found around 
Zaltbommel in the 'Bommelerwaard'. One grower has even built a greenhouse 
of 3000 m2 for this culture (13). In 1963 there were 138 ha with strawberries 
under glass (52). 

Prices in early spring are rather high, see figure 1. This shows 2 irregular 
points at the beginning of the season, which are due to the delivered amounts 
of product, being too small for wholesalers. 

The economical prospects for forced strawberries are good (54) and an esti
mated increase of 600 new greenhouses for this culture seems to be justified (52). 

FIGURE 1. Average auction prices at Zaltbommel 
from 1961-63. 

Meded. Landbouwhogeschool Wageningen 65-6 (1965) 

DUTCH CENTS/IOOG DESSERT FRUITS 
IOO 

75 

50 

25 

O 

>. 

I APRIL I MAY 1 JUNE 1 JULY 

1 



1.2. PROBLEMS ON FLOWERING, DORMANCY AND FORCING 

If forcing in a heated greenhouse starts before the 3rd week of January, 
plants often fail to grow well. In practice this has been ascribed partly to the 
state of dormancy, which would not be ended by that time. Experiments were 
carried out with artificial chilling of the cv. 'Deutsch Evern' in Zaltbommel 
during 1957. This was thought to break dormancy, though research, up to 
then, had not given a clear answer on the question of how much chilling was 
needed (110, p. 65; 125, 126, 136). But after 2 years it was concluded (15), that 
no positive reaction to chilling could be found. Just at that time (142, 145) the 
difficulties were overcome by daylength extension with weak incandescent light, 
which promoted elongation of leaf petioles and fruit trusses. This is used in 
practice nowadays and has made it possible to start on the 15th of January 
(2-5, 18, 53). However, the production did not increase much. 

The problem of scientific interest remained, whether the dormant period of 
the early cv. 'Deutsch Evern' could be influenced by a chilling period, especially 
since GUTTRIDGE (60), VOTH and BRINGHURST (174) and BRINGHURST, VOTH and 
VAN HOOK (26) had shown that chilling gives an invigorating effect, be it with 
other cultivars. 

This was the beginning of the experiments reported here, which also tried to 
answer related problems on flowering and 'earliness' in forcing, viz.: 
a. What are the special characteristics of an early cultivar? 
b. Is flower induction in the strawberry plant due to the disappearance of an 

inhibitor, to the production of a floral stimulus or to both? 
c. What is the influence of a chilling-treatment on the flower initiation of 

vegetative and generative plants? 
d. Does a dormant period exist in 'Deutsch Evern' ? Can it be broken by chilling? 

How much chilling is required? Can this chilling be replaced by long days, 
by sprays with gibberellic acid, or by both? 

e. Can successful forcing start before the 15th of January each year? 

1.3. MATERIALS AND METHODS 

Cultivars. As an early cultivar the old 'Deutsch Evern' was often used and 
in some cases the newer 'Glasa'. These, and the later cultivars, sometimes used, 
are octoploids and described in detail in 123. In experiment 14, diploids were 
used, viz. Fragaria vesca, cultivars 'Baron von Solemacher' and 'Rugen'. In 
most experiments young certified runner plants were obtained in July from 
commercial nurseries. 

Planting. The young plants were put in clay-pots of 16 or 20 cm diameter. 
Steamed potting soil was used. Only occasionally extra fertilizers were given. 

Conditions of growth. Many experiments were carried out in a greenhouse 
with 3 compartments, which could be heated independently to temperatures 
above those in the open. Some experiments were done wholly under artificial 
light conditions, in a shed, or in growth cabinets, described in details by GER
MING (51, see his figures 1-3 and 8), and were kindly placed at my disposal. 

2 Meded. Landbouwhogeschool Wageningen 65-6 (1965) 



Light conditions. Extension of the daily light or interruption of the night 
•was done by incandescent bulbs of 25, 40 or 100 Watts, mounted in small 
reflectors of white enamel at their inner side. These lamps were usually 50-60 cm 
above the benches with plants and 75 cm from each other. In one case HPL-
lamps were used. Fluorescent light was given from tubes mounted with five 
in one rack of 60 X 150 cm, with the tubes at distances of 12 cm each. 

Chilling. Plant chilling was given at 2, 5 or 8°C in cold storage rooms, 
where potted plants were placed in benches filled with peat. The duration and 
quality of the light during the cold period will be described when discussing 
the experiments in question. Seed vernalization was applied to germinated 
seeds in Petri dishes, on wet filter paper. The dishes were placed at 5°C and 
received 8 hours of fluorescent light of weak intensity. 

1.4. ABBREVIATIONS AND SYMBOLS 

The following abbreviations and symbols, beyond the standards, will be used: 
CL = continuous light 
cv. = cultivar 
d. = days 
GA3 = gibberellic acid 
IL = incandescent light 
-L = without extra light 
LD = long day 
SD = short day 
TL = fluorescent tube light 
w. = weeks 
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2. FLOWER FORMATION 

2.1. I N NATURE 

During 1960 young runner plants, nearest to the mother plants in the field, 
were fixed in alcohol-formalin at weekly intervals from September 15 to Novem
ber 30. The flower formation in the main crown was studied under a dissecting 
microscope. The stages of development of the first flower of the inflorescence, 
as described by VAN DEN MUYZENBERG (110, p . 8), are followed and these are 
comparable to those of other research workers (30, 147, 175). The stages are 
shown in plate 1. Originally there were differences from plant to plant. On 
average, stage II was reached by September 22 and stage Vllb by October 28, 
with the transitional stages on dates in between. 

The first stages of flower formation have often been described and for reviews 
see 30, 33, 110, 175. In the temperate zones of the northern regions these first 
stages are found between August 20 and September 20. According to ROODEN-

BURG (136) the cv. 'Deutsch Evern' starts between August 15 and 30, with 
variations of 3 weeks from one year to another. Some workers have found a 
sudden change, others a gradual development. The very first stage cannot be 
recognized easily, as it belongs to a continuous process of development (76). 

CHRISTOFF (30) has found that pollen grains are not formed in the open before 
March 15. His remarks that petails remain rather small for a long period, can 
be approved of. 

Absence of flowering in spring leading to 'blind plants' is seldom described 
and occurs only after special treatment as: transplanting, cold treatment, frost 
damage or when growing seedlings (38, 48, 67, 85, 129, 181). 

During 1961 and 1962 experiments 1 and 2 were carried out to see whether 
early cultivars, as used in forcing, are starting first with fruit bud formation 
and also to learn from which stage of development forcing can lead to a com
plete fruit truss. 

Experiment 1. In 1961 young runner plants of 7 cultivars were potted on 
July 20 and placed in the open. At weekly intervals, from August 17 to October 
15, four plants were fixed for dissecting and four plants were forced at 21 °C 
in LD. For each group of forced plants, the observations on fruit bud develop
ment were continued during 7 weeks. From table 1 it is clear that: 

a. After a later date of plant treatment more plants became generative (except 
from 28/9 to 5/10). However, this increase was very variable per cultivar 

and plant treatment. This points to individual plant differences. 

b. In comparing the figures, which are underlined, it can be seen that in 4 
cultivars all plants were generative earlier in the forcing-treatments and in 

2 cultivars the date was the same for both treatments. 

c. There is no close correlation between season of fruit ripening and start of 
flower initiation. Nevertheless the late cv. 'Jucunda' is very late in flower 

initiation. 

4 Meded. Landbouwhogeschool Wageningen 65-6 (1965) 



TABLE 1. Experiment 1. Number of plants (out of 4) with a fruit bud, in 7 cultivars of differ
ent season of fruit ripening. Studied in fixed material or by greenhouse forcing for 
48 days from the indicated dates in 1961. 

Cultivar 

Deutsch Evern 

Glasa 

Jucunda 

Redgauntlet 

Regina 

Senga-Sengana 

Talisman 

Ripe
ning 

early 

early 

late 

middle 

early 

middle 

late 

Treat
ment 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

17 

0 

0 

0 

0 

0 

0 

0 

2 

0 

1 

0 

0 

0 

0 

August 

24 

0 

0 

0 

1 

0 

0 

2 

4 

0 

2 

0 

2 

0 

1 

Date of plant treatment 

31 

0 

0 

1 

0 

0 

1 

4 

4 

3 

3 

1 

0 

0 

1 

7 

2 

0 

2 

2 

0 

0 

3 

4 

2 

2 

2 

2 

2 

1 

September 

14 

0 

1 

1 

4 

2 

0 

2 

4 

2 

4 

3 

0 

2 

2 

21 

3 

4 

4 

4 

0 

0 

4 

4 

4 

3 

2 

2 

4 

4 

28 

4 

4 

4 

4 

1 

1 

4 

4 

4 

4 

4 

4 

4 

3 

Oct. 

5 

4 

4 

4 

4 

0 

0 

4 

4 

4 

4 

4 

2 

4 

4 

Total 

13 

13 

16 

19 

3 

2 

23 

30 

19 

23 

16 

12 

16 

16 

total 12 18 24 27 42 49 46 221 

TABLE 2. Experiment 2. Number of plants (out of 8) with a fruit bud, in 7 cultivars of differ
ent season of fruit ripening. Studied in fixed material or by greenhouse forcing for 
53 days from the indicated dates in 1962. 

Cultivar 

Deutsch Evern 

Glasa 

Jucunda 

Redgauntlet 

Regina 

Senga-Sengana 

Talisman 

Ripe
ning 

early 

early 

late 

middle 

early 

middle 

late 

Treat
ment 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

fixed 

forced 

August 

23 

2 

1 

4 

0 

0 

0 

0 

0 

7 

0 

5 

0 

6 

0 

30 

4 

2 

6 

4 

0 

0 

1 

0 

7 

0 

4 

0 

8 

6 

Date of plant treatment' 

6 

2 

0 

7 

7 

0 

0 

6 

6 

7 

0 

7 

0 

8 

2 

September 

13 

8 

6 

7 

7 

2 

1 

4 

4 

3 

3 

1 

1 

4 

4 

20 

8 

8 

8 

8 

7 

2 

8 

8 

8 

8 

7 

6 

7 

4 

27 

8 

8 

8 

8 

8 

6 

8 

8 

8 

8 

7 

5 

8 

8 

October 

4 

8 

8 

8 

8 

8 

6 

8 

8 

8 

8 

7 

6 

8 

7 

11 

8 

8 

8 

8 

8 

6 

8 

8 

8 

8 

8 

8 

8 

8 

Total 

48 

41 

56 

50 

33 

21 

43 

42 

56 

35 

46 

26 

57 

39 

total 25 42 52 55 97 106 106 110 593 
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Experiment 2. This is a replication of experiment 1, but now in 1962, with 
the double number of plants, potted on August 1. From table 2 it can be seen 
that the conclusions a and c from table 1 hold true for 1962, but conclusion b 
must be modified. In this year all plants of one group were generative on the 
same date for both forcing and fixing, or the fixed plants were first. A compari
son of tables 1 and 2 shows great differences between the cultivars in the two 
years, especially with 'Jucunda' and 'Redgauntlet'. It is likely that individual 
plant differences must be related to small differences in size. 

This can explain why some authors have found all plants becoming generative 
at the same date (76, 99), while others described that first runner plants start 
first (124, 143, 148), or even that a plant of medium size, in a long runner 
series, may be first (LESHEM, personal communication). It is sure that vegetatively 
propagated June-bearing cultivars and many seedlings do need a minimal leaf 
area for induction (83, 110) and a close correlation can be found between leaf 
area and number of trusses (74, 181). This will be discussed in more detail later. 
From the tables 1 and 2 no close correlation can be found between beginning-
dates of initiation this year and season of ripening next year. WALDO (175) and 
CHRISTOFF (30) have shown that early cultivars do not begin late in initiating 
and this can be confirmed here. 

2.2. SHORT-DAY TREATMENTS 

When artificial SD treatments are given, what is the minimal number of 
cycles, needed for the first stages of bud development to be seen under a micro
scope and for the formation of a truss during forcing in LD? This was studied in 
experiment 3. 

Experiment 3. During August 1961 young runner plants of 'Deutsch Evern' 
were grown at 21 °C in LD. SD treatments were started on September 1 at 
18°C and continued for 10, 14,... 30 cycles, followed by fixing or forcing of the 
plants in LD. As soon as stage II was found, a plant was counted as generative. 
From table 3 it is clear that 14-18 SD cycles were necessary to get trusses during 
the LD aftertreatment, while 22-26 cycles were needed before initiation was 
seen under the dissecting microscope. Macroscopically all plants had a bud 
after 54 days since the start of the SD treatment. 

TABLE 3. Experiment 3. Number of 'Deutsch Evern' plants (out of 4) with a fruit bud. 
Studied microscopically in fixed material or by greenhouse forcing for 48 days, 
after the indicated number of SD cycles at 20 °C. 

Number of SD cycles 

riant ireaimeni 

Fixed 
Forced 

10 

0 
0 

14 

0 
3 

18 

0 
4 

22 

2 
4 

26 

4 
4 

30 

4 
4 

lo iai 

10 
19 

Total 0 3 4 6 8 8 29 
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Some observations on the relationship between temperature and daylength 
were made during experiment 4. 

Experiment 4. Young vegetative runner plants of 4 cultivars were grown 
from August 15 to December 13, 1962, at 15, 18 and 21 °C in the shortening-
normal daylength or in daylength extended to 16 hours by IL. Flower formation 
appeared to be influenced more by daylength than by temperature, as table 4 

TABLE 4. Experiment 4. Percentage of plants (out of 16), flowering after 120 days at the 
indicated temperatures. -L = natural daylength from 15/8 to 13/12/62. 
+L = natural daylength extended by incandescent light to a total of 16 hours. 

Cultivar 

Deutsch Evern 
Redgauntlet 
Senga-Sengana 
Talisman 

-L 

100 
100 
31 
88 

15' ̂ C 

+L 

6 
38 
0 
0 

-L 

100 
100 
69 
50 

18°C 

+L 

13 
31 
0 
0 

21 °C 

-L +L 

100 0 
94 25 
50 0 
13 0 

shows. However, it decreased in 'Talisman' in -L, as the temperature increased. 
The results of this experiment in relation to dormancy will be discussed on 
p. 24. 

For SD induction a minimal leaf area is necessary, as has already been 
mentioned. This was observed in experiment 5. 

Experiment 5. During August 1961 young runner plants of 'Deutsch Evern' 
were grown vegetatively at 21 °C in LD. From September 1 onwards, plant 
series were composed with 0, 1, ... 5 or all expanded leaves. When a new leaf 
had expanded completely, the oldest was removed. Plants without leaves died. 
During 31 days, from September 29 to October 30, half of the plants were 
grown in SD, followed by LD. Control plants were exposed to LD permanently. 

TABLE 5. Experiment 5. Number of 'Deutsch Evern' plants (out of 3) with a fruit bud, and 
number of days to the first bud. Plants were grown with an interruption of 31 days 
in SD, followed by LD, or in LD. 

Observation 

Number of plants with a fruit bud 

Number of days to first visible bud 
from start of SD 

Daylength 

SD 
LD 
SD 
LD 

1 

0 
0 
-
-

2 

0 
0 
-
-

Number of leaves 

3 

2 
0 

74 
-

4 

3 
0 

64 
-

5 

3 
0 

56 
-

all 

3 
0 

53 
-

Table 5 shows that fruit buds were only found after SD and in plants with at 
least 3-4 leaves. When more leaves were present, this accelerated the bud forma
tion, probably due to a higher level of carbohydrates. In permanent LD no 
fruit buds were formed. 
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SUDDS (164, 1928), who worked with 'Howard 17', was the first to mention 
that accelerated fruit bud formation in the strawberry could be evoked by 
shortening the daylength to 8 hours. This was soon confirmed for other cultivars 
by DARROW and WALDO (41), EGUCHI (46, 47), GREVE (57), VAN DEN MUYZEN-

BERG (108, 110) and many other workers. From table 6 it can be seen that the 

TABLE 6. The minimal number of SD cycles for the flower induction, as mentioned in the 
literature. 

Cultivar 

Deutsch Evern 
Marshall 
Missionary 
Robinson 
Royal Sovereign 
Sparkle 
Sparkle 
Sparkle 

Number 
o fSD 
cycles 

7-14 
9 
7 

8-12 
8-10 

20 
21 
15 

Hours 
of 

light/day 

6-10 
8 

10 
4-12 

13 
12-14 

11 
8 

Tempe
ratures 

summer 
17°-23°C 

21 °C 
17°-24°C 
summer 

21 °C 
15°C 
20 °C 

Refer
ence-

number 

110 
181 
74 
80 
61 
56 
7 

105 

Author(s) 

VAN DEN MUYZENBERG 

WENT 

HARTMANN 

ITO and SAITO 

GUTTRIDGE 

GOSSELINK 

AUSTIN et al. 

MOORE and HOUGH 

Year 

1942 
1957 
1947 
1962 
1958 
1959 
1961 
1962 

minimal number of SD cycles varies with the cultivar, but this may also be due 
to differences in plant age, daylength and temperatures, that were used. Both 
WENT (181) and ITO and SAITO (80) have found that above or below 17 °C a few 
cycles more were necessary. 

2.3. LONG-DAY TREATMENTS 

In studying flower formation, control plants must be kept vegetative. In 
autumn this needs a high temperature and extension of the natural daylength. 
Experiment 6 was carried out to find the minimal light intensities which were 
sufficient for this purpose. 

Experiment 6. From September 1, 1961, sixteen rows of 4 plants of 'Deutsch 
Evern' were grown at 18°C, at regular distances from a vertical reflecting screen 
containing 5 lamps, type TL 65 Watt, Philips no. 29. These were 150 cm long 
and 14 cm apart from each other. This TL extended the natural daylength to 16 
hours. The distance from the screen to the first row of plants was just as the 
distances between the rows. The intensities were measured with a very sensitive 
ammeter, connected to a spherical photometer, which has been described by 
WASSINK and VAN DER SCHEER (177). The intensities went down from 2500 u,W/ 
cm2 in the first row to 78 u,W/cm2 at the 16th row. All plants had a fruit bud 
after 82.5 days, with a very small variance. Hence this light did not inhibit the 
initiation. A group of control plants in daylight, extended to 16 hours by IL 
at the same temperature, did not show any fruit bud after 120 days. 

Some observations were also made about dormancy and these will be dis
cussed on p. 24. 

8 Meded. Landbouwhogeschool Wageningen 65-6 (1965) 



FIGURE 2. 
Experiment 7. Dimensions in cm of 
the vertical screen, which consisted of 
reflecting tin-plate with incandescent 
lamps of varying wattage. 
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This experiment was repeated in 1962 with a similar screen, but now filled 
with incandescent lamps, in experiment 7. 

Experiment 7. From August 15 to October 29, 1962, young runner plants 
of 'Deutsch Evern' were grown vegetatively at 21 °C in LD. From October 29, 
1962 to March 23, 1963 a total of 23 rows, of 4 plants each, was used. The first 
row was placed at 25 cm from the screen and each row at 25 cm from the former. 
This vertical screen, see figure 2, extended natural daylength to a total of 16 
hours. Every day, as the screen lighted up, the last 2 rows were covered as con
trols. From table 7 it can be seen that 4 classes of flower formation could be 
recognized: 
Class a: No fruit buds were formed. 

TABLE 7. Experiment 7. Number of 'Deutsch Evern' plants (out of 4 in each row) with a 
fruit bud, and the number of days to the first fruit bud, the class of flower formation 
and intensity of light. Rows at varying distances from a vertical screen with in
candescent light, that extended the natural daylength to 16 hours. 

Number 
of the 
row 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

30 
31 
32 

Distance from 
the screen 

in cm 

25 
50 
75 

100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 

800 
control 
control 

Number of 
plants with 
a fruit bud 

0 
0 
1 
2 
2 
1 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 

Days to 
the first 

fruit bud 

-
(130) 
(123) 
(90) 
(88) 
93 
87 

101 
90 
84 
84 
83 
84 

81 
85 
85 

Class of 
flower 

formation 

a 
a 
b 
b 
b 
b 
c 
c 
c 
c 
d 
d 
d 
d 

d 
d 
d 

Intensity 
measured 

in[xA 

404 
234 
152 
104 
65 
38 
32 
28 
24 
22 
20 
19 
18 
15 

2 
0 
0 
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Class b: Some plants were vegetative and some became generative, but very 
slowly. 
Class c: Fruit buds were formed, but more slowly than in the controls. 
Class d: Fruit buds were formed as quickly as in the controls. 

The increase of the temperature, at plant height, was measured with a 
transistor millivoltmeter (mV 31, Knick, Berlin-Zehlendorf). For row 1-6, 
nearest to the screen, this increase was in degrees C: 5, 4, 2.5, 1.5 and 0.8 
respectively. This may have given an extra inhibition and it is sure that at 21 °C 
at least 40 (iA (= 240 [xW/cm2 = 2400 erg/cm2/sec = 400 lux) are necessary 
to keep the plants vegetative for a long period. 

Two types of TL lamps were compared with IL regarding their influence on 
fruit bud formation in experiment 8. 

Experiment 8. Four vegetative 'Deutsch Evern' plants were placed into 
each of 3 compartments with continuous artificial light of TL no. 29, TL no. 55 
or IL and kept there for 3 weeks. This installation was kindly placed at my 
disposal by the Director of the Laboratory for Plant Physiological Research 
of the Agricultural University of Wageningen, Prof. Dr. E. C. Wassink, and 
also Mr. J. Bensink deserves thanks for his help. The average day temperatures 
were 22.1, 21.4 and 23.1 °C respectively. The aftertreatment was given in a 
greenhouse with a day temperature of 18°C, a night temperature of 13°C and 
LD. Slowly the plants became generative, in the order: TL no. 29, TL no. 55 and 
IL. See table 8. 

TABLE 8. Experiment 8. Effect on vegetative 'Deutsch Evern' of 3 weeks continuous light 
of 3 types of lamps, followed by LD at 18 °C during the day and 13°C during the 
night. Four plants per treatment. 

Observation 

Plants with a fruit bud after 90 days 
Days to budding as above 
Days to budding in all plants 
Trusses/plant after 175 days 

TL no. 29 

3 
73 

89 ± 17 
4.5 

Type of lamp 

TL no. 55 

1 
76 

126 ± 17 
3.8 

IL 

0 

157 ± 7 
2.8 

A marked difference was also noted in the colour of the first runners and 
petioles: they were red in TL and green in IL. 

The importance of the light source was also demonstrated in the following 
experiment. 

Experiment 9. Young runner plants of 'Deutsch Evern' and 'Glasa' were 
grown vegetatively from August 1 to December 31, 1963 at 21 °C in LD. Three 
plants of each cultivar then remained during 4 weeks in the greenhouse and 
rooms with artificial light of our recently established phytotron, as described 
in 44. Plants were given 8-9 hours of daylight or 16 hours of TL light no. 33, 
both at 9, 12, ... 24°C, with an aftertreatment at 18°C and LD. All plants 
became generative. From table 9 it can be seen that the mean number of days 
to budding did not differ much. The number of fruit trusses per plant tended to 
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TABLE 9. Experiment 9. Number of days to budding and number of trusses per 3 plants, 
at 18°C in LD, after exposure to different light and temperature treatments for 
4 weeks. 

Number of days to budding 

Cultivar 

Deutsch Evern 

Glasa 

Daylength 
in hours 

8-9 
16 

8-9 
16 

Nature of 
the light 

natural 
TL 
natural 
TL 

Average 

9 

60 
51 
56 
59 

57 

Temperature ir 

12 

61 
53 
60 
55 

57 

15 

54 
55 
56 
55 

55 

18 

52 
49 
59 
62 

56 

l°C 

21 

56 
57 
61 
53 

57 

24 

53 
47 
57 
50 

52 

Average 

56 
52 
58 
56 

Number of trusses per 3 plants 

Deutsch Evern 

Glasa 

8-9 
16 

8-9 
16 

natural 
TL 
natural 
TL 

4 
11 
3 
3 

6 
12 
3 
4 

9 
9 
3 
5 

12 
15 
3 
6 

11 
8 
4 
7 

8 
13 
4 
8 

8 
11 
3 
6 

Average 5 6 7 9 8 8 

increase with the temperature. The higher numbers which originated during the 
TL treatments must be ascribed to the higher amount of total light energy in 
the artificial rooms, compared with the greenhouses at that time of the year. At 
all temperatures 16 hours of TL no. 33 were inductive and this confirms the 
results of experiments 6 and 8. 

In many plant species the formative effect of IL is much stronger than this 
effect of TL, especially if given as daylight extension (17, 28, 45, 103, 144). For 
the strawberry BORTHWICK and PARKER (21) have found the same. Though 
ROODENBURG (137) did not use TL in comparing a number of lamp types, he 
mentioned that the spectral region around 900 mjx, being the zone of near 
infrared, was very important for this formative effect. In the zone between 720-
1000 mji. IL contains 13.6% and TL less than 0.1 % of the spectral distribution 
(32, p. 183, Table 1). The spectral differences of the existing TL types are rather 
small. For a LD effect ROODENBURG (141) would prefer a tube, giving more 
dark red. As such a tube is not yet in production, mixed light of TL and IL is 
advisable (103) for growth rooms. 

Several so-called short day plants, as the strawberry, can initiate fruit buds 
even in continuous light, e.g. in blue light (140), or blue and green light (101). 

2.4. TEMPERATURE 

2.4.1. High temperatures 

As will be discussed later in studying dormancy, vegetative plants were 
grown at 3 temperatures and 2 daylengths in experiment 10, and this also led 
to observations on fruit bud formation, which will be discussed now. 
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Experiment 10. During 1961 groups of 16 young runner plants of 'Deutsch 
Evern' and 'Talisman' were grown from August 1 and 'Deutsch Evern' only 
from September 1 at 15, 18 and 21 °C, in separate compartments of a green
house in normal daylight with or without extension to 16 hours by IL of about 
2000 erg/cm2/sec. From table 10 we see: 
a. During natural daylength (-L) all plants flowered. In the cv. 'Deutsch Evern' 

the number of days to budding was about the same at the 3 temperatures and 
2 dates of entering the greenhouse. In 'Talisman' the number of days was much 
higher, although it was reduced at a higher temperature. 

TABLE 10. Experiment 10. Percentage of plants flowering and days to budding from 1/8/61 
in 2 cultivars, as affected by the growing-period in 1961-1962, the daylength and 
the temperature. -L = natural daylength. 
+ L = natural daylength extended to 16 hours by incandescent light 

Observation 

Percentage of 
flowering 

Days to 
budding 

Cultivar 

Deutsch Evern 

Talisman 
Deutsch Evern 

Talisman 

Growing-period 
in 1961-1962 

1/8-1/5 
1/9-1/3 
1/8-1/5 
1/8-1/5 
1/9-1/3 
1/8-1/5 

15°C 

100 
100 
100 
112 
107 
177 

-L 

18°C 

100 
100 
100 
109 
113 
166 

21°C 

100 
100 
100 
112 
109 
144 

15°C 

100 
100 
100 
191 
142 
208 

+ L 

18°C 

55 
88 

100 
(240) 
(166) 
222 

21°C 

70 
63 

100 
(235) 
(206) 
213 

b. With daylength extension (+L) the temperature became very important. 
With 'Deutsch Evern' all plants flowered at 15°C, slowly, but in fewer days 

when they entered the greenhouse later. Budding at 18 and 21 °C was incomplete 
and very slow. With 'Talisman' all plants had budded after 7 months at the 
3 temperatures, without much difference in number of days to do so. 

The result about runner formation will be discussed on p. 23 in its relation 
to dormancy. 

In the U.S.A., and especially California, cool summer temperatures accelerate 
flower formation (9,43, 91), and this was also shown in Japan (80). WENT'S rule: 
A lowering of the temperature needs an increase of light intensity during a long 
day for the suppression of flower formation, together with the general impression 
that the inhibitory action of the light starts at 10-15 °C (43, 80, 110, 180, 181), 
can explain my results. 

Little is known about very high temperatures, near 30 °C. ITO and SAITO 

(80) did not get induction in the cv. 'Robinson' after 20 cycles at 30°C, even at 
daylengths of 0-8 hours. 

2.4.2. Effect of low temperatures on plants and seeds 

During experiments on the chilling of dormant plants a temperature of 5°C 
was found to be inductive for flower formation. The question therefore arises 
whether strawberry plants can be vernalized, when we define vernalization as: 
The necessary or accelerating-effect of a low temperature for the induction of 
fruit buds, realized afterwards at higher temperatures. 
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Experiment 11. From August 1, 1961 young runner plants of 'Deutsch 
Evern' were grown vegetatively at 21 °C in LD. Periodically 9 plants were placed 
in a cold room at 3-5 °C, where they remained for 0, 2, ..., 8 w. at 16 hours of 
TL of weak intensity. The aftertreatment for all groups started on November 
10,1961 at 21 °C in LD. From table 11 it is clear that although 4 w. were enough 
for induction in all plants, curiously not all flowered after 6 or 8 w. at 3-5 °C, 
while the number of days to budding shows a somewhat irregular course. 

TABLE 11. Experiment 11. Number of 'Deutsch Evern' plants (out of 9) with a fruit bud, 
and days to budding, as influenced by a varying number of weeks at 3-5 °C, 
followed by LD at 21 °C. 

Observation 

Plants with a fruit bud 
Days to budding 

0 

0 

2 

2 
36 

Weeks at 3-

4 

9 
29 

-5' °C 

6 

6 
41 

8 

8 
27 

Since we know that plants can be induced to flower at 3-5 °C, the question 
came up whether they would react differently upon IL or TL at this temper
ature. 

Experiment 12. Vegetative 'Deutsch Evern' plants were treated for 6 w. 
at 3-5 °C and 8 or 16 hours IL or TL of 6,000 and 12,000 erg/cm2/sec respectively, 
measured at the top of the plants. The aftertreatment was given at 21 °C in LD. 

Observations were made on bud formation for 30 d. Out of 16 control 
plants, at 21 °C in LD, 2 plants showed 1 fruit truss each, while the others 
stayed vegetative. Table 12 shows that most plants became generative, without 
any difference due to daylength or lamptype, given during the cold period. This 
experiment was repeated after reconstruction of the cold rooms, which made it 
possible to study the effect of continuous IL also. 

TABLE 12. Experiment 12. Flower formation in 'Deutsch Evern', as affected by daylength 
and light quality for 6 w. at 3-5 °C. Aftertreatment in LD at 21 °C. Sixteen plants 
per treatment. 

Light quality 
Flower formation Daylength in h. 

IL 

88 
94 
1.6 
2.5 

TL 

88 
100 

2.0 
2.1 

Percentage 8 
16 

Trusses 8 
16 

Experiment 13. The cv. 'Glasa' was used, as it branches less than 'Deutsch 
Evern'. Vegetative plants were placed at 3-5 °C for 4, 8 or 12 weeks, with 8, 16 
or 24 hours IL, or 8 or 16 hours TL. For a more regular pattern of light distribu
tion, IL was used, obtained from Philips 'Philinea'-tubes, instead of bulbs as in 
experiment 12. At plant level, the energies from IL or TL were measured 2,700 
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and 9,000 erg/cm2/sec respectively. The aftertreatment of the plants was given 
at 21-23 °C in LD (daylight and HPL-lamps). Buds were counted during a 
period of 70 days. Plants which stayed vegetative, were dissected under a 
microscope at the end of the experiment, but no fruit buds could be detected. 
Out of 40 control plants, which had received permanent LD, during the whole 
period only 1 plant had a truss. From table 13 three conclusions can be drawn,, 
viz.: 

TABLE 13. Experiment 13. Effect on number of plants with buds, and days to budding, in 
8 vegetative plants of 'Glasa', of light quality and daylength during a varying 
number of weeks at 3-5 °C, as determined during an aftertreatment in LD at 
21°-23°C during 70 days. 

Light quality Daylength 
Weeks at 3-5 °C 

12 
Average 

Plants (out of 8) with buds 

IL 

TL 

SD 
LD 
CL 
SD 
LD 

8 
8 
8 
2 
8 

7 
3 
5 
7 
7 

3 
3 
2 
3 
6 

6.0 
4.7 
5.0 
4.0 
7.0 

Average 6.8 5.8 3.4 

Days to budding 

IL 

TL 

SD 
LD 
CL 
SD 
LD 

43 
45 
47 
43 
45 

37 
36 
37 
37 
32 

31 
16 
13 
32 
26 

37 
32 
32 
37 
34 

Average 45 36 24 

a. At all treatments the plants could initiate fruit buds. 
b. The number of flowering plants decreased as the duration of the cold period 

increased, with one exception in TL and SD. 
c. If the plants flowered, the average number of days to budding decreased 

with increasing duration of the cold period. This was particularly clear in 
12 w. of cold combined with IL as LD or CL. 

Some plants were left at 3-5 °C for 212 d. At the end of that time buds were 
visible macroscopically, but only if IL was given as LD or CL. Hence realiza
tion took place at 3-5 °C and for this process IL was required, given as LD or CL. 

As plants can be induced at 3-5°C, would seed vernalization be effective? 
Experiment 14. Germinated seeds of the diploid Fragaria vesca cultivars 

'Baron von Solemacher' and 'Riigen' and seeds of selfed octoploid 'Deutsch 
Evern' were given 0, 2, ..., 10 w. of cold at 3-5°C. From the same date all 
groups received an aftertreatment, consisting of SD or LD (daylight extended to 
16 hours by IL) in a greenhouse with an average temperature of about 20 °C. 
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LD 
SD 
LD 
SD 
LD 

63 
109 
62 

146 
more 

60 
105 
64 

127 

61 
111 
61 

139 
than 184 days 

63 
111 
61 

141 

62 
102 
65 

144 

73 
102 
64 

141 

TABLE 14. Experiment 14. Days to budding after cold treatments of seeds, in diploid and 
octoploid seedlings, determined in SD or LD. Eighteen or more plants per treat
ment. 

rtn'om r.r Weeks of cold treatment 
Origin of p l o i d y Daylength 
seedlings 0 2 4 6 8 10 

Baron von Solemacher 2n SD 115 115 116 122 130 109 

Riigen 2n 

Deutsch Evern 8n 

No effect of seed vernalization was found. See table 14. In the diploids the 
number of days to budding was much less in LD than in SD. The octoploid 
seedlings made their buds in SD only and then very slowly. The meristems of 
the octoploids in LD were studied under a dissecting microscope after 184 d. 
Some generative plants were found in all groups, but no effect of seed vernaliza
tion could be detected. 

The possibility to induce flower initiation in strawberry plants at 5°C was 
described in 1934 by EGUCHI (47), but little attention has been given to it in the 
literature. 

In the cv. 'Kogyoku', placed for 5 w. at 5°C, EGUCHI and TAKAHASHI (49) 
recently have noted great individual plant differences in bud initiation. ITO and 
SAITO (80) showed in an elegant way that 'Robinson' did not need more than 
240 hours at 9°C for induction, even if intermediate periods of 23 °C were 
given, which however might not exceed 8 hours per day. Recently it also appeared 
that generative runner plants, stored for several months at low temperatures, 
have to be planted out in summer a few weeks earlier than normal. Otherwise 
they sometimes do not initiate many new fruit trusses (67, 129). This interesting 
feature may have to do something with the irregular flowering of the plants, 
as shown in table 13. 

When forcing starts at different dates in winter and spring, it is of interest to 
know whether bud initiation stops before spring, or goes on during the short 
spring days in nature. According to several authors it does not stop (36, 91, 106, 
115, 151, 176, 179), but others suggest that no initiation takes place after the 
period of winter chilling (71b, 110, 127, 130). Probably it varies with cultivar, 
daylength and also with winter or spring temperatures. This is known from 
U.S.A. regions with mild winters (151). DARROW and WALDO (43) and VAN DEN 
MUYZENBERG (110) have mentioned that plants, which are forced before they 
have had winter temperatures, flower continuously, even in LD, while plants, 
forced after the winter period, only flower once. Through all this, the question 
arises whether SD can be inductive after a cold period. 
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2.5. INTERACTION OF COLD AND SHORT DAY 

Periodically during autumn and winter in 1961-1962 plants were forced. In 
experiment 15 a new SD period was given after forcing, to see whether all plants 
could produce the same amount of new buds. 

Experiment 15. Plants of 'Deutsch Evern' were forced at 18 °C until 12/4/62 
with supplementary TL for assimilatory purposes. Table 15, column 2, shows 
the number of trusses produced by that date and 4 plants out of each treatment 
are shown on plate 2. Out of each treatment 8 plants were selected. Four plants 
were given 8 w. of SD, followed by LD. The other 4 plants were grown con
stantly in LD. From table 15, column 3 it appears that practically no new fruit 
trusses were made after 8 w. of LD, but from column 4 it appears that plants 

TABLE 15. Experiment 15. Formation of fruit trusses in 'Deutsch Evern' plants during a 
forcing-period from different dates till 12/4/62, and during 10 w. in LD, after 8 w. 
of SD or LD from the end of forcing. Four plants per treatment. 

Initial date of forcing 
in 1961-1962 

15/9 
30/9 
15/10 
30/10 
15/11 
30/11 . 
15/12 
30/12 
15/1 
30/1 

Number of fruit trusses per 

During a forcing-
period till 12/4/62 

13 
12 
12 
12 
11 
8 
8 
5 
3 
4 • 

plant 

During 10 w. 
after 8 w. 

LD 

0 
0 
0 
0 
1 
1 
1 
1 
2 
1 

inLD 
of 

SD 

7 
9 
9 

13 
10 
8 

11 
10 
9 
7 

given 8 w. of SD initiated many new fruit trusses. Plants of all forcing-dates 
could be reinduced to the same degree. 

The interaction of cold and SD was also studied in vegetative plants. 
Experiment 16. Vegetative runner plants of 'Deutsch Evern' were grown 

during 1 month in LD at 21 °C. They were then divided into 4 groups which 
received the following treatments, as indicated in table 16: 

permanent LD = control 
6 w. of cold, followed by LD 
6 w. of LD, 4 w. of SD, followed by LD 
6 w. of cold, 4 w. of SD, followed by LD 

All treated plants became generative. During 6 w. of cold, followed by 4 w. 
of SD significantly more trusses were initiated than during 6 w. of cold alone, 
but not significantly less than during 4 w. of SD alone. During this treatment the 
buds were already being formed as the number of days to budding from the 
start of the aftertreatment in LD was reduced sharply to 4.3 d. 
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TABLE 16. Experiment 16. Percentage of flowering, trusses per plant and days to budding, 
as influenced by 6 w. of cold, by 4 w. of SD or by 6 w. of cold, followed by 4 w. of 
SD, and determined in LD at 21 °C. Twenty 'Deutsch Evern' plants per treatment. 
A different letter means a significant difference (P > 0.95). 

Percentage Trusses Days to budding 
Treatment of flowering per plant from 1st LD 

LD ->LD 
6 w. of cold -> LD 
LD -> 4 w. of SD 
6 w. of cold -> 4 w. of SD 

0 
100 
100 
100 

0 
1.2(a) 
2.0(b) 
1.7(b) 

-
21.7 
26.4 

. 4.3 

Another experiment with 2 cultivars and many combinations of cold followed 
by SD, or SD followed by cold, failed as several control plants began to flower. 
This deserves further attention. 

In perennial plants the formation of gibberellin-like substances during the 
cold period is almost generally accepted in literature. In several strawberry 
cultivars sprays with gibberellic acid (GA3) seem to inhibit flower formation 
(70, 71f, 119, 121, 167). As GA3 has been used in the forcing-experiments, to be 
described in chapter 4, the interaction of GA3 sprays and SD on flower initia
tion was studied. 

2.6. INTERACTION OF GIBBERELLIC ACID AND SHORT DAY 

Experiment 17. Sixty young runner plants of 'Deutsch Evern' were grown 
vegetatively from August 1 to October 1, 1962, at 21 °C in LD. These plants 
were then exposed to 4 w. of SD at 18°C. Gibberellic acid was applied in three 
sprays, every 2 days, either before the SD, during the 1st week of SD, during the 
4th week of SD or after the SD. A concentration of 15 ppm was chosen as 
0-50 ppm were often used to promote fruit truss elongation (71e, 71g, 71i, 
95, 102, 121, 153, 159, 186) and 50-200 ppm can cause abnormal stem elonga
tion (71e, 121, 167). Also 60 control plants in permanent LD were sprayed, 

TABLE 17. Experiment 17. The influence of three sprays of GA3 (15 ppm) before, during or 
after a SD treatment of 4 w., on days to budding, truss elongation and truss weight 
and number of open flowers. A letter in common means: no significant difference 
(P > 0.95). 

Period of 
GA3 sprays 

No 
Before SD 
Start of SD 
End of SD 
After SD 

Days to 
budding 

64.2 (a) 
62.3 (a) 
59.8 (ab) 
55.8 (be) 
54.2 (c) 

Length of truss in cm 

Average 

15.9 
13.3 
16.6 
21.6 
21.3 

Longest 

24.7 
23.3 
21.9 
26.0 
31.7 

Weight of truss 
in g per 12 

plants 

42.5 
39.0 
32.0 
48.0 
76.0 

Number of 
flowers per 

12 plants 

74 
72 
71 

132 
204 
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