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Abstract 

Roest, S. (1976). Flowering and vegetative propagation of pyrethrum (.Chrysanthemum 
oineranaefolium Vis.) in vivo and in vitro. Agric. Res. Rep. (Versl. landbouwk. Onderz.) 
860, ISBN 90 220 0622 0, (vi) + 105 p., 44 figs, 52 tables, 159 refs, Eng. and Dutch 
summaries. 
Also: Doctoral thesis , Wageningen. 

The influence of climatic conditions was investigated on flowering behaviour of 
pyrethrum ̂ Chrysanthemum oinerariaefolium- V i s . ) . At low temperatures high numbers of 
Plants ini t iated high numbers of flower heads. Both the development of the i n i t i a t ed 
riower heads and the vegetative development of the plants were stimulated by higher 
temperatures. 

The second aspect was the development of methods of vegetative propagation in vivo 
ana in v i t ro . Through^ culture of peduncle explants in v i t ro detai led information was 
oDtamed about the in i t ia t ion and development of adventitious roots . With these data the 

" °f adventitious root formation of shoot cuttings in vivo was optimalized. In 
; , ? " , " " thls mfhod o f vegetative propagation in vivo may be useful for a fast mult i-
llolToT f h 6 ? l t h y p U n t S w i t h h i 8 h y £ e l d s ° f Pyrethrins. Vegetative 
clTtfSnl T l a c l ? i e v e d b v V i t i a t i on and development of adventitious shoots on 
d t S r ^ T . - 1 V a t 6 d i n V i t r 0 a n d subsequent adventitious root formation of 
other Con^oTtae P r o c e d ^ e was applicable for vegetative propagation of several 

fomatt™ r ! f T a t ^ " ' o r 8 a n °8 e n e s i s» adventitious, root formation, rhizogenesis, shoot 
Co^osUae 8 ' &K?Unt' P e d u n c l e> capitulum, flower head! pyrethr ins , Kenya, 

This thesis will also be published as Agricultural Research Reports 860. 

© C e n t r e ^ Agricultural Publishing and Documentation, Wageningen, ,976. 



Stellingen 

1. Er wordt onvoldoende anatomisch onderzoek verricht naar de te onderscheiden stadia in 

het proces van regeneratie van adventieve wortels en scheuten bij hogere planten. 

Dit proefschrift. 

2. In vitro cultuur is een belangrijke methode voor fysiologisch onderzoek naar de om-

standigheden die optimaal zijn in ieder stadium van het regeneratieproces. 

Dit proefschrift. 

3. Landbouwkundig onderzoek dat sterk gericht is op de praktijk van een ontwikkelingsland, 

dient in het land zelf ter hand te worden genomen. Slechts wanneer dit onmogelijk moet 

worden geacht, kan na een uitgebreide orientatie in het ontwikkelingsland besloten wor

den dit onderzoek, of een deel ervan, elders uit te voeren. 

4. De resultaten van onderzoek met betrekking tot de vegetatieve vermeerdering in vitro 

zullen op het Bedrijfslaboratorium Weefselkweek een praktische toepassing moeten vinden. 

Het succes hiervan wordt in sterke mate bepaald door de Proefstations, welke de schakel 

zijn tussen onderzoek en praktijk en waar deze methoden bedrijfsklaar moeten worden ge-

maakt. 

5. Men realiseert zich in de praktijk onvoldoende dat periclinaal-chimaeren (sporten) 

via adventieve scheutvorming in vivo of in vitro niet (soort)echt vegetatief vermeerderd 

kunnen worden. 

S. Roest and G.S. Bokelmann (1975). Scientia Hort. 3: 317-330. 

6. De betekenis van weefselkweektechnieken voor de mutatieveredeling komt niet alleen 

tot uiting in de produktie van volledige (niet-chimaere) mutanten, maar tevens in de 

snelle soortechte vegetatieve vermeerdering van de mutanten. 

C. Broertjes, S. Roest and G.S. Bokelmann (1976). Euphytica 25: 11-19. 

7. De door Matsubara et al. gevolgde methode, waarblj na bestraling volledige mutanten 

worden verkregen bij Begonia en Chrysanthemum, is omslachtig en niet efficient. 

H. Matsubara, K. Shigematsu, H. Suda and S. Hashimoto (1971). Proceedings of the 
10th conference on radioisotopes, Japan Atomic Industrial Forum, Tokyo, p. 374-376. 

8. Bij de studie aan de Landbouwhogeschool dient meer aandacht te worden geschonken aan 

het in woord en geschrift uitdragen van wetenschappelijke kennis. 



9. Wetenschappelijke l i teratuur moet a l t i j d op identieke wijze gerefereerd worden. 

10. In cms land zijn wegbermen en spoordijken een belangrijk toevluchtsoord voor veel 

planten en dieren. Watergangen kunnen i n d i t opzicht ook van groot belang z i jn , wanneer 

ten aanzien van het hiervoor noodzakelijke mechanische onderhoud een beheersovereenkomst 

tot stand komt tussen overheid en onderhoudsplichtigen. 

11. Snelverkeer in woonwijken moet wijken voor wonen. 

S. Roest 
Flowering and vegetative propagation of n v r e n , r „„ /rT, ... . . , , • „ . N 

in vivo and in v i t ro pyretnrum (Chrysanthemum cmeranaefolium Vis.) 



Voorwoord 

Het schrijven van een woord van dank dient naar de letter genomen als een dankbare 

taak te worden opgevat. Een ondankbare taak is het evenwel in zoverre, dat het onmogelijk 

is om iedzveen te bedanken. Velen hebben immers een bijdrage geleverd aan het tot stand 

komen van dit proefschrift en hen alien ben ik daarvoor bijzonder erkentelijk. 

In de eerste plaats wil ik mijn waardering uitspreken jegens mijn ouders die mij de 

mogelijkheid hebben geboden de studie aan de Landbouwhogeschool te volgen. 

Zonder het initiatief en het doorzettingsvermogen van dr. R.B. Contant zou het 

onderzoek dat in dit proefschrift beschreven is niet zijn uitgevoerd. Beste Ruud, ik 

hoop dat de resultaten van dit onderzoek enige praktische betekenis zullen hebben voor 

de pyrethrumteelt in Kenya, welk gewas en welk land jou zo zeer ter harte gaan. 

Aangezien het onderzoek werd uitgevoerd op het Ital, was er aanvankelijk tussen 

mijn promotor prof. J. Doorenbos en mij sprake van incidentele contacten. Gedurende veel-

vuldige bezoeken is er naderhand een goede samenwerking ontstaan, waarbij U, door de 

snelle wijze waarop U de vele manuscripten van op- en aanmerkingen hebt voorzien, een 

zeer waardevolle bijdrage hebt geleverd aan het resultaat zoals dat thans voor ons ligt. 

Mijn co-promotor dr. R.L.M. Pierik heeft door zijn enthousiasme en inspiratie reeds 

tijdens de ingenieursstudie mijn belangstelling voor de plantaardige weefselkweek gewekt. 

Beste Rudolf, ook voor je verdere begeleiding en voor de onbouwende kritische kant-

tekemngen welke je met name plaatste bij die gedeelten van het proefschrift die 

betrekking hebben op de in vitro cultuur, ben ik je zeer erkentelijk. 
Dr. D. de Zeeuw en dr. A. Ringoet hebben mij de mogelijkheid geboden om het onder

zoek op het Ital uit te voeren. De grote mate van vrijheid die jullie mij bij de uit-
voermg van het onderzoek hebben gegeven, maar toch ook de zachte dwang welke jullie op 
mij hebben uitgeoefend om het onderzoek met een proefschrift af te ronden, hebben mede 
tot dit uiteindelijke resultaat geleid. 

In de jaren gedurende welke Trudy Bokelmann mij bij het onderzoek assisteerde, heb 
ik haar leren waarderen als een bijzonder bekwaam en ervaren assistente, die haar taak 
met grote zelfstandigheid verricht. Beste Trudy, zonder jouw daadwerkelijke steun zou 
een belangrijk deel van het onderzoek niet zijn uitgevoerd. Trudy en Marion, mijn 
excuses voor het feit dat ik mij het afgelopen jaar minder met de dagelijkse gang van 
zaken heb bemoeid en dat mijn humeur, ondanks de mooie zomer, wel eens niet al te zonnig 
was. 

van d r 1 S r S 1 6 S " de Waard6V0lle SU^esties ™ * » ik na de lezing van het manuscript 
van dr. C Broertjes mocht ontvangen en tevens de nuttige adviezen van dr. A.J.G. van 

L o r t ; e n t ; e ^ a l g e m e n e Zake" de P — t i e betreffende, heb ik zeer op prijs gesteld. 
van 27lZ ien^\Adri **»«* en * » Schouten is de nodige zorg aan de opkweek 
van pyrethrum besteed, alhoewel mij bekend was dat dit gewas niet in de allereerste 



plaats hun voorliefde genoot. 

Wil van Marion-Noorlander verdient een compliment voor de snelle en zorgvuldige 

wijze waarop zij de definitieve versie van het proefschrift heeft getypt. 

Het kwalitatief goede werk van Menno Drost en Jan Eikelenstam komt tot uiting in 

de vele foto's en grafieken welke in dit proefschrift zijn opgenomen. 

Mede door het geduld waarmee ir. A. Keen mijn wensen ten aanzien van de wiskundige 

verwerking heeft aangehoord, is ten slotte een bevredigende statistische analyse van een 

aantal van de proefresultaten tot stand gekomen. 

Mevr. E.M. Brouns en dhr. R.J.P. Aalpol ben ik erkentelijk voor de plezierige en 

deskundige begeleiding welke ik van Pudoc ondervonden heb bij de correctie van de 

Engelse tekst en bij de redactie en uitgave van het proefschrift. 

De beslommeringen welke aan het schrijven van een proefschrift verbonden zijn, 

leiden onvermijdelijk tot een aantal depressies welke de promovendus en met hem de 

gezinsleden ondergaan. Dank zij de afleiding welke Jolande en Yvonne mij bezorgd hebben, 

maar vooral door de steun die Janny mij gegeven heeft, heb ik dit werk kunnen voltooien. 
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1 General introduction 

Pyrethrum {Chrysanthemum einerariaefolium Vis.) is a plant species with daisy-like 

capitula (flower heads), belonging to the Compositae. This perennial rosette plant with 

deeply lobed leaves of variable shape and length is cultivated mainly in Kenya and other 

East African countries at an altitude of at least 1900 m above sea level. At this 

elevation and its low temperature, the capitulum is borne on a branched leafy stem, 

rising from a compact crown of foliage, whereas at a higher temperature in lower regions, 

the plants almost exclusively develop vegetatively (Ghadinger, 1945; Glover, 1955). 

Pyrethrum is one of a few commercially grown plant species which produce compounds 

used as insecticides. The six constituents with insecticidal properties, collectively 

called pyrethrins, are located in all plant parts, but the ovaries and achenes of the 

disc and ray florets of the capitulum contain by far the highest concentration and 

largest amount (Head, 1966; Brewer, 1973). The capitula are picked by hand, dried and 

ground. The powder and the extract prepared therefrom contain these pyrethrins, which 

have unique properties, such as: 

- high degree of suitability for combination with synergists (Chadwick, 1963), 

- repellent, knockdown and toxic effects for a great variety of insects (van Rijn, 1974), 

- almost complete harmlessness to men and warm-blooded animals (Griffin, 1973), 

- rapid breakdown and no persistence of residues, 

- hardly any buildup of resistance in insect populations (Busvine, 1960; Fine, 1963). 

These properties permit the use of pyrethrins against insect pests in the house, on 

crops (even when a treatment is required just prior to harvest), stored food and live

stock. Because of an increasing consciousness of the risks associated with the wide

spread use of many synthetic insecticides, like toxicity to mammals, persistence of 

residues and insect resistance, the demand for pyrethrins is growing. 

Kenya provides about 60$ of the world production of pyrethrins and this natural 

insecticide is among the principal export products of this country. In 1975 the 

production of about 100 000 farmers, 90$ being small-scale producers,.amounted to 

approximately 15 000 tons of dried flower heads, with a value of 15 million U.S. dollars 

(Glynne Jones, 1973; van Rijn, 1974). 

Synthetic compounds resembling some of the six constituents of the natural 

pyrethrins have been manufactured (Elliot, 1967). Even though these synthetic 

pyrethroids are more toxic to insects, it is not likely that they will replace natural 

pyrethrins in the near future, because the latter are effective against a wider range 

of insects, more suitable for combination with synergists (Chadwick, 1963) and less 

expensive (Winney, 1973). 

The application of natural pyrethrins is still restricted, because they are more 

expensive than many other insecticides. To strengthen the position of the natural 

1 



pyrethrins on the market it is of utmost importance to decrease their costs by increasing 

the annual production of pyrethrins per acreage. The yield is determined by several 

components, such as number, size, percentage dry matter and content of pyrethrins in the 

flower heads. 

In pyre thrum breeding programmes the main objectives are the increase of the fresh 

flower yield (the product of number and size of fresh flower heads) and the pyrethrins 

content. 

The fresh flower yield is determined by many factors, such as: 

- the genotype (Parlevliet, 1969), 

- the climate (rainfall, temperature, etc.; Glover, 1955; Parlevliet et al., 1969; 

Muturi et al., 1969*, Parlevliet, 1970a), 

- the soil (fertility, irrigation, ridging,, spacing, weeding, etc.; Kroll, 1962, 1963; 

Weiss, 1966; Parlevliet et al., 1968; Mwakha, 1974), 

- diseases and pests (like the root-knot nematode Meloidogyne hapla; Bullock, 1961; 

Robinson, 1963; Parlevliet & Brewer, 1970, 1971; Parlevliet, 1971). 

The pyrethrins content is chiefly influenced by: 

- the genotype (Head, 1967; Glynne Jones, 1968), 

- picking interval and flowering stage (Head, 1966; Parlevliet, 1970b), 

- the climate (Kroll, 1964; Parlevliet et al., 1969; Muturi et al., 1969), 

- drying methods (Githinji, 1973; Head, 1973). 

From 1940-1965 the pyrethrum breeding programme in Kenya was principally directed 

towards the production of good hybrids. Hybridization could easily be achieved, because 

most plants are self-incompatible and cross-compatible (Kroll, 1958; Brewer, 1968; 

Brewer & Parlevliet, 1969; Brewer & Henstra, 1974). As the genetic properties of the 

parent plants are widely divergent, seedling populations exhibit a considerable geno-

typic and phenotypic variability. Breeding and- selection may further be complicated by a 

negative correlation between flower yield and pyrethrins content so that individual 

plants with both a high flower yield and a high pyrethrins content are very rare. In a 

population, however, both genetic characteristics can be improved in a fairly short time 

(Contant, 1963; Parlevliet, 1974). 

The fixation of desired genetic properties is.one of the greatest problems in the 

breeding of a cross-pollinated, highly heterozygous crop. Genetic characteristics of 

selected plants can be preserved by vegetative propagation. Selection and asexual 

multiplication of superior clones may be an even better method of improvement than just 

the production of good hybrids (Brown, 1965; Glynne Jones, 1968; Brewer & Parlevliet, 

1969; Parlevliet, 1969; Parlevliet & Contant, 1970). 

The actual breeding, selection and vegetative propagation of outstanding clones 

was started by Contant in Kenya in 1962 (Contant, 1963). Through his. initiative and 

thoroughness and with financial support of the Ministry of Foreign Affairs of the 

Netherlands, a developmental project was set up in Kenya. Two Dutch plant breeders and 

several groups of Netherlands volunteers were posted in Kenya and charged with the 

breeding and selection of high yielding plants, and the vegetative propagation of 

selected plants on large-scale nurseries, respectively. 

Because research on pyrethrum in Kenya lacked continuity and because this species 



was of interest to several research institutes, fundamental research on pyrethrum in 

Wageningen was started in 1964. In 1966 the work was formally organized in a research 

project by Contant at the Association Euratom-Ital. At first this research was 

concentrated on plant breeding, but at the end of 1969 the investigations, which are 

described in this report, were shifted towards more practical aspects like flowering and 

vegetative propagation. The project was terminated at the end of 1972. 

A vegetative propagation of pyrethrum can be achieved in several ways, like: 

multiplication from splits (the normal procedure in Kenya) and multiplication from shoot 

cuttings. The practical importance of propagation by splits has been indicated by several 

authors (Drain & Shuey, 1934; Martin & Tattersfield, 1934; Cormack, 1935; Chamberlain & 

Procter, 1947; Osbourn, 1961; Contant, 1963; Brown, 1965). The use of cuttings has also 

been reported by many authors (Drain & Shuey, 1934; Cormack, 1935; Chamberlain & Procter, 

1947; Collings-Wells & Contant, 1963; Canham, 1968). 

A substantial percentage of the root systems of pyrethrum plants in Kenya is 

severely attacked by the root-knot nematode Meloidogyne hapla so that flower yield 

decreases. If a selected stock-plant is infected, splitting results in a contamined 

clone, whereas with shoot cuttings a healthy clone is built up. Shoot cuttings may also 

have the advantage that a much higher multiplication rate may be achieved than with 

splits. Hence, a healthy clone of selected high yielding plants is probably obtained 

more rapidly from shoot cuttings than from splits. 

This study deals with flowering and vegetative propagation of pyrethrum in vivo and 

in vitro. The influence of temperature and photoperiod on flowering behaviour of intact 

plants is discussed in Chapter 2. Chapters 3, 4 and 5 describe methods of vegetative 

propagation in vivo and in vitro. In Chapter 3 root formation is examined of peduncle 

explants cultivated in vitro. This method may provide detailed information on root 

organogenesis as affected by various factors. To what extent this knowledge can be 

applied to ensure a reliable root formation of shoot cuttings in vivo, is investigated 

in Chapter 4. In Chapter 5 is discussed whether a vegetative propagation can be 

achieved by the cultivation of capitulum explants in vitro. 



2 Flowering behaviour of intact plants 

2.1 INTRODUCTION 

Pyrethrum plants almost completely fail to produce flower heads at high temperatures 

which occur in the lowlands (below 1900 m above sea level) of tropical countries. For an 

adequate production of large numbers of flower heads pyrethrum is grown in the highlands 

at altitudes between 1900 and 2800 m, where lower temperatures prevail (Martin & Tatters-

field, 1934; Gnadinger, 1945; Parlevliet, 1969). 

The temperature requirements for flowering under natural conditions in East Africa 

were investigated by Glover (1955). The flowering behaviour of intact plants under 

controlled conditions in growth chambers, however, has never been studied. Such studies 

may show how factors, like temperature and photoperiod, affect the vegetative and 

generative development of the plants. A vegetative development is desirable for the 

maintenance and multiplication of clonal plant material and a generative development is 

essential for the commercial production of pyrethrins from the flower heads. 

2.2 MATERIAL AND METHODS 

Stock plants of Clones 1087, 4331 and Ma 63/1889 were grown in a moderately heated 

greenhouse. Depending on the weather conditions outside, the temperature ranged from 20-

35 in summer and from 10-20°C in winter. In the winter natural light was supplemented 

with high vapour mercury lamps. At the higher temperatures during summer the plants 

almost exclusively developed vegetatively and shoot cuttings were taken from stock-plants 

of 1-2 years old. Shoot cuttings of the three clones were rooted according to the 

procedure described in Section 4.2. Subsequently, the young plants were exposed for a 

few weeks to a constant temperature of 20°C under long-day conditions (Philips 

iTrTVT ^ U0 W/33RS S U P P l e m e n t e d ** Philinea incandescent lamps at a day-
ength of 14 h) in a growth chamber, before transfer to various temperatures and photo-

periods in the phytotron1. 

n l a n t D a t 7 r C 0 U e C t e d *"* * " " * ° f f l m l i n i t i « i o n , the number of flowering 
thTv f t T ^ ^ "* ^ d e V e l ° P " - ^ ^age of the flower heads. With respect to 
the vegetative development attention was paid to the shape and length of the leaves. 

^ ~ : : : ~ ^ ~ * ( A ~ — - — 



2.3 FACTORS INFLUENCING FLOWERING 

2.3.1 Temperature 

2.3.1.1 Constant temperature 

Experiment 1. Young plants of clone Ma 63/1889 were exposed to constant temperatures of 

9, 13, 17, 21 or 25°C for a daylength of 16 h and with 20 plants per temperature. 

About 10 weeks after transfer the first flower heads developed simultaneously at 9 

and 13°C. Table 1 illustrates the situation at the end of the experiment, 24 weeks after 

exposure. Apparently, low temperatures of 9 and 13°C are essential for floral initiation. 

The highest number of flower heads was initiated at 9°C. The subsequent development of 

W * 
'uiii 

Fig. 1. The influence of constant temperatures (9-25 C) on the generative and vegetative 
development of plants of Clone Ma 63/1889, 19 weeks after exposure. 

9°C 13°C 17°C 21°C 25°C 

Fig. 2. The influence of constant temperatures (9-25 C) on the shape and length of leaves 
of plants of Clone Ma 63/1889, 19 weeks after exposure. 



Number of flower heads 
per flowering plant 

3.1 
1.8 
0 
0 

Average leaf 
length in cm 

14.1 
14.3 
12.8 
11.0 

Table 1. The influence of constant temperatures (9-25 C) on the generative and vegetative 
development of plants of Clone Ma 63/1889, 24 weeks after exposure. 

Temperature Number of flowe- Number of 
(°C) ring plants flower heads 

(out of 20) 

9 18 55 
131 13 24 
17 0 0 
21 0 0 
25 0 0 0 11.0 

1. At 13 C one plant did not survive. 

the initiated flower heads, however, was stimulated at 13°C, which can be observed in 

Fig. 1, where at 9°C flower heads are in the bud-stage and at 13°C are already in full 

bloom. At 17, 21 and 25°C the plants remained in a vegetative state. The appearance of 

the plants varied strongly with temperature, which was not only due to flowering but 

also to the length of the leaves (Table 1) and to pronounced differences in foliage 

type (Fig. 2). 

Experiment 2. Young plants of Clones 1087, 4331 and Ma 63/1889 were exposed to constant 

temperatures of 9, 13, 17 or 21°C for a daylength of 16 h. Per clone 15 plants were 

exposed to 9, 13 or 17°C and 5 plants to 21°C. 

The three clones developed the first flower heads almost simultaneously 9 weeks 

after transfer; Clone 1087 first at 9 and 13°C and afterwards at 17°C (Fig. 3a), Clone 

4331 at the same time at the four temperatures (Fig. 3b) and Clone Ma 63/1889 in first 

instance at 9°C and subsequently at 13 and 17°C (Fig. 3c). Clone 4331 yielded the 

maximum number of flowering plants at all temperatures, as did Clone 1087, except at 

21 C, at which temperature flowering did not occur. Clone Ma 63/1889 had the maximum 

number of flowering plants at 9°C, but this number decreased gradually with increasing 

temperature and at 21°C flowering was not observed. The number of generative shoots, 

giving rise to the production of flower heads, was determined at regular intervals after 

exposure (Figs 4a-c). The highest numbers of generative shoots developed at 9°C; with 

increasing temperature these numbers diminished progressively for all clones. The data 

presented in Table 2 and the Figs Sa-c indicate that at an optimum temperature of 9°C 

plants of Clones 1087 and 4331 formed about the same number of flower heads, roughly 

twice as many as plants of Clone Ma 63/1889. The development of the initiated flower 

heads was accelerated by an increasing temperature. The three clones responded similarly 

and in conformity with Experiment 1 (Fig. 2), with regard to leaf length and foliage 

type (Figs 6a-c). 
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Figs 3a-c. The influence of constant 
temperatures (9-21°C) on the number of 
flowering plants of Clones 1087 (a), 4331 
(b) and Ma 63/1889.(c), measured at 
regular intervals after exposure. (15 
plants are exposed to 9, 13 and 17° and 5 
plants to 21°C.) 
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Figs 4a-c. The influence of constant 
temperatures (9-21°C) on the number of 
generative shoots of plants of Clones 1087 
(a), 4331 (b) and Ma 63/1889 (c), measured 
at regular intervals after exposure. (15 
plants are exposed to 9, 13 and 17° and 5 
plants to 21°C.) 
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Figs 5a-c. The influence of constant temperatures (9-21°C) on the generative and 
vegetative development of plants of Clones 1087 (a), 4331 (b) and Ma 63/1889 (c) 30 
weeks after exposure. ' 
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Figs 6a-c. The influence of constant temperatures 
(9-21 C) on the shape and length of leaves of 
plants of Clones 1087 (a), 4331 (b) and Ma 63/ 
1889 (c), 30 weeks after exposure. 
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development of plants of Clones 1087, 4331 and Ma 63/1889, 30 weeks after exposure. 

Clone 

1087 

4331 

Ma 63/1889 

Temperature 
(°C) 

9 
13 
17 
21* 

9 
13 
17 
21* 

9 
13 
17 
21* 

Number of flowe
ring plants 
(out of 15 and 
5*resp.) 

15 
15 
15 
0 

15 
15 
15 
5 

15 
12 
7 
0 

Number of 
generative 
shoots 

231 
144 
65 
0 

133 
105 
95 
12 

120 
40 
11 
0 

Number of 
flower 
heads 

383 
207 
80 
0 

341 
195 
107 
12 

196 
49 
12 
0 

Number of flo
wer heads per 
flowering plant 

25.5 
13.8 
5.3 
0 

22.7 
13.0 
7.1 
2.4 

13.1 
4.1 
1.7 
0 

2.3.1.2 Fluctuating temperature 

the f W a f T S t
t

t W ° . e X p e r i m e n t s h a v e *own that when constant temperatures are maintained, 

th in tiat a' " " £ a V ° U r e d ^ E l 0 W t e m p e r a t U r e «* the ̂ sequent development of 
the m m a t e d flower heads is stimulated by a higher temperature. 

Experiment 3. 
In this experiment is examined whether there is a temperature combination 

10 


