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S T E L L I N G E N 

I 

Bij de verdeling van Aleurites met het doel het elaeostearinegehalte van de olie te 
verhogen, biedt de kruising van A. montana (LOUR.) WILS. met A. Fordii HEMSL. 

weinig kans op een gunstig resultaat. 
WEBSTER, C. C. 1950. Trop. Agr., 27: 179-220. 

II 

Bij grassen dient de ruimtelijke ordening der bladeren van individuele planten als een 
der belangrijkste criteria beschouwd te worden ter beoordeling van het potentiele 
productievermogen dezer planten in een gesloten grasmat. 

COOPER, J. P. 1960. 8th Int. Grassl. Congress, 1A/1: 2-5. 
WARREN WILSON, J. 1960. 8th Int. Grassl. Congress, 12A/2: 6-9. 

Ill 

De meriing van LATIES en anderen dat de kinetische verschijnselen die door EPSTEIN 

werden waargenomen tijdens de "steady state uptake" van ionen, een dwingend 
bewijs zouden vormen voor het bestaan van de door EPSTEIN voorgestelde "carriers", 
is niet juist. 

EPSTEIN, E. 1956. Ann. Rev. Plant Physiol., 7: 1-24. 
LATIES, G. G. 1959. Ann. Rev. Plant Physiol., 10: 87-112. 

IV 

De exacte begrenzing van de "Donnan free space" ten opzichte van de "water free 
space", zoals deze door BRIGGS en medewerkers is voorgesteld, impliceert een 
statische conditie van de vaste phase van de eel, een statisch veld van Coulombse 
krachten aan het oppervlak van de vaste phase, en dientengevolge een adsorptie van 
ionen aan een diffuse dubbellaag (Gouy laag), hetgeen in strijd is met de aanname 
van de instelling van een Donnan evenwicht tijdens de "initial phase uptake". 

BRIGGS, G. E., HOPE, A. B. AND PITMAN, M. G. 1958. J. Exptl. 
Botany, 9: 128-141. 

V 

De resultaten van het werk van SACHS sluiten de mogelijkheid niet uit dat bij Cestrum 
noctumum L. onder continu behandeling met bepaalde daglengten bloemknopaanleg 
kan plaatsvinden. 

SACHS, R. M. 1956. Plant Physiol, 3 1 : 185-192. 

VI 

Wanneer photoperiodiek geyoelige planten, die voldoende van suikers worden voor-
zien, in continu donker later bloemknopaanleg vertonen dan onder de optimale 
photoperiode, dan wordt dit voornamelijk veroorzaakt door het geringe transport 
van bloei-stimulus van de niet-assimilerende bladeren nair de groeipunten. 

HAUPT, W. 1957. Ber. deut. botan. Ges., 70: 191-198. 
ZEEVAART, J. A. D . 1958. Meded. Landbouwhogeschool Wageningen, 

58 (3): 1-88. 



VII 

In de equatoriale tropen kunnen bewolking en mist de natuurlijke daglengte in 
voldoende mate be'invloeden om van landbouwkundige betekenis te zijn. 

Dit proefschrift. 

VIII 

Wanneer getracht wordt de minimum hoeveelheid water benodigd voor het vermijden 
van oogstdepressies te schatten met behulp van meteorologische gegevens en de 
bedekkingsgraad van de bodem door het gewas, dan dient rekening te worden ge-
houden met de aard van het gewas en met mogelijke verschillen in de physiologische 
reactie van de planten tijdens opeenvolgende ontwikkelingsstadia. 

PENMAN, H. L. 1956. Neth. J. Agr. Sci., 4: 9-29. 
WESSELING, J. AND WIJK, W. R. VAN. 1957. Agronomy, 7: 461-504. 
WIT, C. T. DE. 1958. Versl. Landbouwk. Onderz., 64 (6): 1-88. 

IX 

De curven, die het verband aangeven tussen de photoperiode en de bloemknopaanleg 
bij planten gekweekt onder wit licht en de optimale temperatuur, zijn eveneens geldig 
voor de inductie van de diapauze bij enkele schubvleugeligen (Lepidoptera), de 
Coloradokever {Leptinotarsa decemlineata SAY.), en een mijt (Metatetranychus ulnti 
KOCH). 

LEES, A. D. 1959. In Photoperiodism and Related Phenomena in Plants 
and Animals (R. B. WITHROW, ed.): 585-600. 

BEST, R. 1960. Proc. Kon. Ned. Akad. Wetensch., 63:676-691. 

X 

De qualiteit van geensileerd gras kan aanzienlijk worden verbeterd door het gras 
v66r de silage te kneuzen. Dit resultaat wordt bij gebiuik van de maaikneuzer in een 
aantal gevallen echter onvoldoende bewerkstelligd. In dit verband dient als algemeen 
nadeel van de maaikneuzer gezien te worden dat droging van het gras niet aan de 
kneuzing kan voorafgaan, terwijl factoren zoals de verontreiniging van het gekneusde 
gras met zand, verliezen aan grassap en eventueel een onvoldoende intensieve kneuzing, 
eveneens een rol kunnen spelen. 

WIERINGA, G. W. 1959. Neth. J. Agr. Sci., 7: 134-137, 237-241. 

XI 

De argumenten waarmede DE VRIES stelling neemt tegen BOEKE'S concept ener 
dualistische economie, zijn onvoldoende gefundeerd. 

BOEKE, J. H. 1930. Dualistische Economie, Leiden, p. 34. 
VRIES, E. DE. 1947. Inaug. Rede, Wageningen, p. 15. 

XII 

In bevloeide rijstvelden kan de microbiologische stikstofbinding van essentiele 
betekenis zijn. De proeven van DE en MANDAL laten echter geen enkele conclusie toe 
omtrent de rol die blauw-groene algen (Cyanophyced) hierbij kunnen spelen. 

BOND, G. 1955. / . Exptl. Bot., 6: 303-311. 
DE, P. K. AND MANDAL, L. N. 1956. Soil Sci., 81: 453^*58. 
WATANABE, A. et al. 1959-60. / . Gen. Appl. Microb. Tokyo, 5: 51-57, 

85-91, 175-179. 
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Gaarne betuig ik op deze plaats mijn dank aan U, Hoogleraren, Lectoren en 
Docenten van de Landbouwhogeschool te Wageningen voor de wijze waarop 
U mijn studie hebt geleid. 

Hooggeleerde COOLHAAS, hooggeachte promotor. U heeft mij de gelegen-
heid geboden op Uw Laboratorium te werken onder omstandigheden die in 
vele opzichten uniek genoemd moeten worden. De mate van vrijheid die ik 
heb genoten bij de uitvoering van mijn onderzoek en de wijze waarop mij in 
ruime mate credieten ter beschikking zijn gesteld om tot een zo volledig 
mogelijke ontplooiing van eigen inzichten te komen zijn naar mijn mening 
zonder precendent. Uw belangstelling voor mijn werk heeft zich niet beperkt 
tot het onderzoek zelf, doch heeft zich tevens uitgestrekt tot de publicatie van 
de verkregen resultaten. Het stemt mij tot grote erkentelijkheid dat het in de 
eerste plaats aan U te danken is geweest dat de gedachte gestalte heeft ge-
kregen de resultaten van dit onderzoek te verwerken in een boek, waarvan dit 
proefschrift een onderdeel vormt, en waarvoor U een uitgever heeft weten te 
vinden. Gaarne wil ik tenslotte memoreren dat de mogelijkheden die ik op 
Uw laboratorium heb gehad tot verruiming van kennis en inzicht op velerlei 
gebied, en de gelegenheid die mij is geboden om mijn werk te completeren aan 
de Universiteit van Cambridge, voor mij van een bijzondere betekenis zijn 
geweest. 

Zeergeleerde Mevrouw FRAHM-LELIVELD. Hetzal altijd een van de prettigste 
herinneringen aan mijn tijd van onderzoek blijven dat U ten alien tijde gereed 
stond om mij met raad en daad ter zijde te staan. Bij de talrijke vraagstukken 
waarover ik met U van gedachten heb mogen wisselen zijn Uw grote kennis 
van botanie en talen mij van zeer veel nut geweest. 

Zeergeleerde WORMER. U bent in vele opzichten de wegbereider geweest 
voor het onderzoek dat ik over de photoperiodiciteit bij rijst heb verricht. 
Hiervoor ben ik U bijzonder erkentelijk. 

Weledelgestrenge BOLHUIS. Ik heb het zeer op prijs gesteld met U over 
enkele practische aspecten van de rijstcultuur te hebben kunnen discussieren. 

Zeergeleerde GAASTRA, zeergeleerde STOLWIJK. Veel hulp heb ik van U 
ondervonden bij de ontwikkeling van de apparatuur voor het verrichten van 
lichtmetingen. Deze hulp en onze veelzijdige discussies over het onderwerp 
licht heb ik steeds op hoge prijs gesteld. 



VIII 

Zeergeleerde DE LINT. De uitvoerige gedachtenwisselingen die ik met U 
mocht hebben over tal van aspecten van het vraagstuk der photoperiodiciteit 
en de suggesties die U heeft gedaan zijn voor mijn werk van veel waarde 
geweest. Voor de bijzonder prettige sfeer waarin ik steeds met U mocht 
samenwerken wil ik U hier gaarne dank zeggen. 

Het buitengewoon omvangrijke en tijdrovende onderzoekwerk dat verricht 
is over de physiologie van de rijst zou onmogelijk zijn geweest zonder de hulp 
van U, studentenassistenten. Zeer erkentelijk ben ik U voor de grote hoeveel-
heid routinewerk die U mij uit handen heeft genomen en de vele duizenden 
waarnemingen, metingen en registraties die U heeft verricht. Met grote 
waardering denk ik terug aan de prettige samenwerking die ik met U mocht 
hebben. Van hen die hebben medegewerkt aan het onderzoek dat in dit proef-
schrift wordt behandeld wil ik hier noemen de Heren IR. W. J. M. JOOSTEN, 

IR. M. KNIBBE, IR. H. A. KNOLL, IR. J. E. C. SPITHOVEN, IR. R. W. STUBBS, 

IR. I. S. STACHIW, R. B. CONTANT, IR. H. HOESTRA en IR. CH. A. VAN DER LEE. 

Een speciaal woord van dank komt IR. I. S. STACHIW toe, die twee jaar bij het 
onderzoekwerk heeft geassisteerd en die de vertaling uit het Russisch heeft 
verzorgd van een aantal artikelen over photoperiodiciteit en vernalisatie bij 
rijst. Gaarne wil ik hier ook de Heer M. M. U. VAN DIS danken voor zijn 
hulp bij de laatste stadia van het samenstellen van dit proefschrift. 

Zeer geachte Collegae en oud-Collegae. Aan de prettige sfeer waarin wij 
steeds hebben mogen samenwerken bewaar ik de beste herinneringen. 

Een bijzonder woord van dank geldt de medewerk(st)ers van het Laborato-
rium voor Tropische Landbouwplantenteelt die mij steeds accuraat en prettig 
hebben geholpen. Met name wil ik hier noemen de Heer J. W. MEULENKAMP, 

wiens hulp en deskundige adviezen bij het opkweken van tropische planten 
onder kascondities van grote waarde zijn geweest voor het welslagen van 
mijn proeven, en wiens uitzonderlijke plichtsbetrachting er borg voor heeft 
gestaan dat alle voorkomende werkzaamheden steeds stipt op tijd werden 
uitgevoerd. Bij mijn erkentelijkheid voor het vele werk dat in de kassen is 
verricht wil ik gaarne ook zijn medewerkers in de jaren van het photoperiodi-
citeits-onderzoek, de Heren C. MEULENKAMP, F. MENKMAN en B. WEIJMAN, 

betrekken die ieder seizoen op prettige wijze hebben gezorgd voor het plant-
klaar maken van proefbakken, wagens en potten, werkzaamheden waarvoor 
tientallen tonnen grond omgezet, gemengd, gezeefd en getransporteerd zijn. 
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Geachte BOEKELMAN. Behalve voor het vele werk dat U heeft verricht bij het 
monteren en onderhouden van lichtinstallaties, ventilatoren, verwarmings-
en koel-elementen, enz., zou ik hier ook een speciaal woord van dank tot U 
willen richten voor de uitstekende verzorging van het tekenwerk. In de laatste 
phasen van de bewerking van dit proefschrift heeft U ongetwijfeld meer voor 
mij gedaan dan redelijkerwijze van U verwacht mocht worden. 

Mejuffrouw J. TIMMER ben ik zeer erkentelijk voor het typen van het 
manuscript van deze dissertatie. 

De bijzondere medewerking die ik steeds van de Heer TH. J. YWEMA 

mocht ontvangen bij de behandeling van literatuuraanvragen moge hier niet 
onvermeld blijven. Zijn punctuele werkwijze verdient alle lof. 

De Directie van Elsevier's Wetenschappelijke Uitgeverij N.V. heeft het op 
zeer genereuze wijze mogelijk gemaakt dat dit proefschrift op korte termijn 
werd gedrukt, ondanks het feit dat het hier een onderdeel betreft van een te 
publiceren boek waarvan de tekst nog in bewerking is. Ik stel het zeer op 
prijs hiervoor op deze plaats mijn speciale dank te mogen betuigen. 



VOORWOORD EN SAMENVATTING 

Dit proefschrift vomit een onderdeel van een algemene studie over de physiologie van 
de rijst, die in boekvorm zal worden gepubliceerd door Elseviers Wetenschappelijke 
Uitgeverij te Amsterdam onder de titel "Physiology of the Rice Crop". Voor het 
proefschrift zijn twee hoofdstukken uit dit boek gekozen waarin het belangrijkste 
deel van het eigen onderzoek over photoperiodiciteit wordt behandeld. Ter orientatie 
is aan het slot van dit voorwoord een korte inhoudsopgave van het boek gegeven 
waarin de titels der afzonderlijke hoofdstukken zijn vermeld. Wanneer in het hier 
gepresenteerde werk verwezen wordt naar een dezer hoofdstukken, of naar de appen­
dix, dan betreft dit onderwerpen die niet tot deze dissertatie behoren. 

De gebruikte proefopstellingen en materialen zijn niet in een afzonderlijk hoofdstuk 
besproken. Voor een gedetailleerde beschrijving hiervan zij verwezen naar de proef-
schriften van E. J. FORTANIER (Meded. Landbouwhogeschool, Wageningen, 57 (2): 
1-116, 1957) en K. W. SMILDE {Meded. Landbouwhogeschool, Wageningen, 60 (5): 
1-70, 1960). 

De stof die in dit proefschrift is behandeld omvat onderzoek omtrent een vrij groot 
aantal aspecten van de photoperiodiciteit bij rijst. In het eerste hoofdstuk is het be­
langrijkste onderwerp de weergave van het photoperiodieke gedrag van een aantal 
rassen in de vorm van curven, die werden verkregen door de tijd van zaai tot bloem-
aanleg uit te zetten tegen de photoperiode. 

In de literatuur wordt de photoperiodieke gevoeligheid van planten algemeen 
aangeduid met vrij vage termen zoals zwak-, matig-, of sterk-gevoelig, terwijl tevens 
van quantitatieve of qualitatieve korte- of lange-dagplanten wordt gesproken ter 
onderscheiding van een geringe en een hoge gevoeligheid. De specifieke photoperio­
dieke reactie van een bepaalde plant tracht men aan te duiden met de z.g. "critische 
daglengte" van deze plant. Een groot bezwaar van deze termen is dat hun waarde 
subjectief bepaald wordt en dat zij in feite zeer weinig over het photoperiodieke gedrag 
van de plant zeggen. Hiervan geven de curven, zoals deze in het eerste hoofdstuk van 
deze dissertatie behandeld zijn, echter een exacte weergave. De betekenis van deze 
curven voor de bestudering van de photoperiodiciteit bij planten in het algemeen 
werd eerder in een publicatie besproken (BEST, 1960). 

In het tweede hoofdstuk is getracht het photoperiodieke effect van de natuurlijke 
dag te analyseren. Voor deze analyse werden twee richtingen van onderzoek gevolgd, 
namelijk de bepaling van een aantal photoperiodieke effecten onder gecontroleerde 
lichtcondities, en de metingen van het verloop van de lichtintensiteit in de ochtend- en 
avondschemering. onder verschillende weersomstandigheden Tevens werd gebruik 
gemaakt van een groot aantal gegevens van zaaidatumproeven in de tropen. De ver­
kregen resultaten duiden erop dat bij photoperiodiek zeer gevoelige rijstrassen in de 
tropen de invloed van de bewolking op de dagelijkse photoperiode groot genoeg kan 
zijn om een belangrijke vervroeging of verlating van de bloei te veroorzaken. 

Landbouwkundig is het belangrijkste aspect van de photoperiodiciteit de invloed 



XII VOORWOORD EN SAMENVATTING 

van de natuurlijke daglengte op de vegetatieperiode van gevoelige rassen. Ten aanzien 
van de graanopbrengst kon vastgesteld worden dat de vegetatieperiode van deze rassen 
een vrij nauw begrensd optimum heeft. Een groeiduur korter of langer dan de opti-
male bleek de opbrengst vaak aanzienlijk te verlagen. Verschillen tussen rassen in de 
duur van de optimale vegetatieperiode kwamen voor, terwijl het optimum nauw 
gecorreleerd bleek te zijn met de stengelstrekking gedurende het vegetatieve stadium 
der planten. De vrij enge begrenzing van het optimum verklaart tevens de korte op­
timale zaaitijd van de gevoelige rassen. 

Korte inhoudsopgave van het boek: 

PHYSIOLOGY OF THE RICE CROP 

PART I 

PART II 

A. SOIL 

PREFACE 

INTRODUCTION 

BOTANY 

Chapter I Taxonomy 
Chapter II Botany 

SOIL AND WATER 

Chapter III Soil Profile 
Chapter IV Soil Type 
Chapter V Soil Structure 

Summary part II A: Soil 

B. ROOT SYSTEM 

Chapter VI Root System 
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Chapter VIII Transplanting 
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Chapter IX 
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CHAPTER XXIV 

PHOTOPERIODIC RESPONSE 

1. INTRODUCTION 

Broadly speaking rice may be regarded as a short-day plant. Probably there is no 
other single plant species of which the photoperiodic response has been investigated 
by so many research workers, and yet, when the data available in the literature are 
compared with the general review on photoperiodism presented in the preceding 
chapter, it is evident that in rice very little detailed analytical work has hitherto been 
devoted to the complex phenomenon of photoperiodism. Most experiments have 
been confined to observations on heading or flowering of rice plants exposed to a few 
different photoperiods and/or natural day length, whereas environmental conditions, 
other than the relative length of day and night, have neither been controlled nor 
analysed. It is not surprising, therefore, that various workers have obtained widely 
differing results in their experiments, and that many controversies are to be found in 
the literature. 

In some respects rice is no doubt a very suitable plant for the study of photo­
periodism: there is an extraordinarily wide range of differences in sensitivity to the 
photoperiod among commercial varieties, while inflorescence initiation can be 
accurately determined within a 24-hour period and the formation of the terminal 
inflorescence clearly separates vegetative and reproductive development. On the other 
hand there are many disadvantages: no grafting of leaves or stems is possible, there 
are no differences in flowering intensity indicating differences in the production of 
the floral stimulus, the study of the reaction of separate leaves has to be confined 
mainly to the leaf blades since the leaf sheaths largely envelop each other, the rice 
plant requires high light intensities for normal growth and development, the first 
leaves formed become senescent at an early age, etc. To overcome some of these 
disadvantages special techniques are required, one of the most important probably 
being the growing of rice plants in a medium which satisfactorily supplies the plant 
with an energy substrate for its growth and developmental processes. So far no 
research of this kind has been published on rice, and in our own work no satisfactory 
results have yet been obtained with this method. Therefore, in several cases, only 
approximate results can be given in the account on photoperiodic response presented 
in this chapter. 

2 . TYPES OF RESPONSE TO THE PHOTOPERIOD 

2.1. Effect of short day 
Probably the first research in which an artificially shortened day length was used 

in rice is the experiment of MIHARA (1923), who interrupted daylight between 10 a.m. 
and 2 p.m., thereby obtaining earlier flowering by about one month. In later work 



2 PHOTOPERIODIC RESPONSE 

many authors reported that short days accelerated inflorescence initiation, heading 
or flowering (see e.g. YOSHII, 1927, 1929; SCVORZOFF, 1934; MIYASHIRO, 1935; LIN 

and CHEN, 1941, 1942; SARAN, 1945; YAMAMOTO, 1949; CHANDRARATNA, 1948, 1952, 

1954; TAKASUGI and KOYAMA, 1951; MORINAGA et ah, 1954, 1955; and many others). 
Short-day treatments in these experiments were all photoperiods between 4 and 12 
hours; shorter photoperiods proved to be lethal in all experiments. Where seasonal 
differences in day length have been compared, results amply confirmed that short days 
promoted reproductive development in rice (see e.g. VAN DER GOOT, 1923; MITRA 

et al, 1924; LORD and DE SILVA, 1931; RAMIAH, 1933, 1936; HAIGH, 1936; JENKINS, 

1936; Jo, 1938; ADAIR, 1940; VAN DER MEULEN, 1941; JENKINS and JONES, 1944; 

KERLING, 1948, 1950; MURRAY, 1950; JODON, 1953; OKADA and KATO, 1935; WADA 

and NOJIMA, 1954; DORE, 1955 (a,b); ISHIKAWA, 1955; ASAKUMA, 1958). 

Some authors reported that short photoperiods, of less than 9 or 11 hours, were 
less effective in shortening the vegetative period than slightly longer photoperiods 
(HARA, 1930; SUENAGA, 1936; OTANI and SHIRAKI, 1942-48; CHANDRARATNA, 1948, 

1951, 1954; MORINAGA and KURIYAMA, 1954; VELASCO and DE LA FUENTE, 1958). In 
general, these photoperiods have been accepted as being sub-optimal, although 
different interpretations for this have sometimes been given. In making comparisons 
between a sub-optimal and a near optimal photoperiod, KUILMAN (1937) and ABEY-

RATNE (1952) claimed to have established a long-day type of reaction in some bulu 
varieties from Java (KUILMAN) and in the Heenati group of indica varieties from 
Ceylon (ABEYRATNE). A long-day response was also supposed by GANGULEE (1954), 
who found in a sowing date experiment under greenhouse conditions in the U.S.A. 
that sowing in April resulted in earlier heading than sowing in December in the bulu 
variety Karang Serang. His experiments in India with the same variety were less 
conclusive, however. In his first experiment, non-photoperiodic effects such as low 
light intensity during the short days in winter, combined with relatively high green­
house temperatures, might well have influenced the growth rate, and consequently 
the date of heading, more than the sub-optimum photoperiods in that season. Factors 
not related to photoperiodism have probably also contributed to aberrant results in 
some other experiments. RJABOV (1941) treated early and late maturing varieties with 
a 10 h photoperiod for 20 days. This treatment accelerated flowering in the late ma­
turing varieties by 5 to 47 days, but delayed flowering in the early maturing varieties 
by 5 to 20 days. A similar type of response was reported by MISRA (1951, 1953, 1954) 
and SIRCAR and GHOSH (1954). MISRA worked with early and medium early maturing 
varieties in his experiments. A 10 h photoperiod delayed heading in all cases examined, 
the delay being at most 18 days. The delay was in general more marked when the 
treatment started earlier and when it was prolonged; SIRCAR and GHOSH (1954) 
exposed 7-day-old seedlings to an 8 h photoperiod for 28 days. Delay in heading in 
early varieties and a marked acceleration of heading in a late maturing variety were 
found. There are several factors unknown in these experiments, viz. the duration of the 
insensitive juvenile period of the varieties involved (cf. § 3), whether or not induction 
was completed before the short-day treatment was terminated (cf. § 4), and in which 
ways growth rate, inflorescence initiation and development were affected. It is, 
therefore, impossible to say which combination of factors brought about the results 
observed. The fact that only early maturing varieties showed delayed heading in these 
experiments is not surprising since late maturing varieties are mostly much more 
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sensitive to the photoperiod, the effect of which usually masks all other effects in 
these varieties. 

In several publications it is stated that short-day treatment for a limited period only, 
applied at early tillering, resulted in the plant coming into ear twice, or even three 
times (see e.g. KONDO et al, 1932; BEACHELL, SIRCAR and PARIJA, 1945, 1949; WOR-

MER, 1953). This may be explained by assuming that the main stem, and probably one 
or two of the oldest laterals, had passed the insensitive juvenile period before or during 
the treatment and subsequently reacted to the applied photoperiod, whereas other 
tillers were affected less and headed later, or were not affected at all and headed after 
induction in the natural day length; photoinduction in a particular stem being indepen­
dent of induction in any other stem of the same plant (KONDO et al, 1932, FUKE, 1942). 

Transplanting at about the time of inflorescence initiation may cause rapid devel­
opment of the inflorescence and early flowering (see Chapter XXVI, 4). The flowering 
of tillers in which initiation occurs after transplanting is much delayed and has been 
reported (TERAO and KATAYAMA, 1929; KATAYAMA, 1931) to be often very irregular. 

In two experiments (E. 323, E. 324) with the varieties Nero di Vialone, Fortuna and 
Skrivimankoti, some additional data were obtained on the effect of short-day treat­
ments for relatively brief periods. Single plants were grown in pots under natural day 
length conditions until the plants became sensitive to the photoperiod. The plants 
were thereafter exposed to short days (11 h) until 3 days after inflorescence initiation 
in the main stem, at which time initiation had just begun in some of the oldest laterals. 
At that stage the plants were transferred to natural day length conditions. The main 
data obtained in these experiments can be summarized as follows. Three heading 
periods were observed in the moderately sensitive variety Nero di Vialone but only 
one, relatively long, heading period was found in the very highly sensitive variety 
Skrivimankoti and in the almost day-neutral variety Fortuna. 

A closer examination of heading in individual shoots revealed that in Nero di 
Vialone the main stem and one or two of the oldest tillers, which had initiated the 
inflorescence 3 days before the transfer to long days, headed first, followed about one 
week later by the tillers which had initiated their inflorescentes at or shortly after the 
transfer to long days, whereas younger tillers were induced under natural day length 
conditions and headed 6 weeks later. In Skrivimankoti the first two groups headed in 
one long heading period, but during the course of these experiments the younger 
tillers remained completely vegetative under the long days. Dissection of tillers showed 
that in some an inflorescence had been initiated, but had failed to grow out, a phenom­
enon also occasionally observed in Nero di Vialone. In the practically insensitive 
variety Fortuna all shoots of one plant headed in one period. 

2.2. Effect of long day 

The retarding effect of long photoperiods (13-24 h) on floral induction has been 
described by many workers (see e.g. So et al, 1927; FUKE, 1931, 1942; EGUCHI, 1937; 
MATSUO, 1942, 1952; OTANI et al, 1949; MISRA, 1951, 1953, 1954; CHANDRARATNA, 

1948, 1952, 1954; WORMER, 1953; YOSHIDA, 1954; MORINAGA et al, 1955; YAMAGATA, 

1957; VELASCO and DE LA FUENTE, 1958; Bui and NGIEM, 1959). The retardation was 
due to the fact that the photoperiods used were all super-optimal, as was well under­
stood by several of the above mentioned authors. Reference should be made, however, 
to some reports which either show different results or give different interpretations of 
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the long day effect. KONDO et al. (1932) found that a 24 h photoperiod applied for 
30 or 45 days, slightly hastened the early maturing variety Kinai-wase to come into 
ear. Since this variety is almost indifferent to the photoperiod and differences of only 
a few days were found, this single result seems to be inconclusive. A favourable effect 
of long days on panicle emergence was also found by MORINAGA and KURIYAMA (1954) 
in their panicle emergence curves of the early maturing variety Norin-11. These curves 
show a small optimum at 21 h at one sowing date, but this optimum was not present 
at another sowing date. Therefore, it seems probable that the slight differences in 
heading time of varieties with a very low sensitivity to the photoperiod were rather the 
result of non-photoperiodic effects on developmental processes, such as temperature 
and the rate of photosynthesis. 

2.3. Indifferent reaction 

An indifferent (day-neutral) reaction to the photoperiod has been reported by some 
authors: MIYABAYASHI (1944) and MORINAGA and KURIYAMA (1954) for early Japanese 
varieties, KUILMAN (1937) for Menurun and WORMER (1953) for Karang Serang, 
two late maturing bulu varieties, and WORMER (1953) for Fortuna, a medium late 
maturing variety from the U.S.A. From the results of our experiments with the latter 
two varieties and with early maturing Japanese varieties (see § 8) it appeared, however, 
that a slight response to the photoperiod was always present. Some response to the 
photoperiod has previously been reported by CHANDRARATNA (1954) for varieties 
considered to be indifferent. 

3. THE JUVENILE PHASE 

In the preceding section the data in the literature have been discussed which give some 
general information on the photoperiodic response of rice plants. In this and the 
subsequent sections this information will be detailed, and each developmental stage 
of the plant from germination until grain maturation will be considered separately. 

3.1. Definition of the juvenile phase 

Following the outline given in the preceding chapter, the life cycle of the rice plant 
is divided, according to its response to the photoperiod, into a juvenile and an adult 
phase. The juvenile phase is considered to start at germination and to include the 
early growth stages in which the leaves formed are insensitive or have a sensitivity less 
than the maximum, whereas the adult phase is considered to start when the first leaf 
with a maximum sensitivity to the photoperiod attains its full sensitivity and to con­
tinue throughout the rest of the life of the plant. These definitions are in our opinion 
more accurate than those given previously for the juvenile phase in rice (BEST, 1959). 

3.2. The insensitive period 

During a certain period after germination short or long-day treatments have no 
effect on the time of floral initiation in rice. According to variety this period varies 
usually between about 2 and 5 weeks. Thus there seems to be a completely insensitive 
period for at least part of the juvenile phase. 

In the literature FUKE (1931) was the first to report on the insensitive period in rice. 
He concluded from his experimental results that early maturing varieties had a short, 
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and late maturing varieties a long insensitive period. KONDO and co-workers (1932) 
also recognized an insensitive period which would last for about 42 days after sowing. 
In a later experiment they (1933) established that continuous illumination during the 
first 70 days after sowing did not affect the time of heading in the varieties Shinriki and 
Kibiho, but when applied at later stages continuous illumination inhibited heading. 
CHO (1934) showed that night illumination during the nursery stage did not affect the 
time of panicle emergence in the varieties Rikuu 132 and Aikoku 20. OTANI and 
SHIRAKI (1942-1948) reported that long (24 h) and short (8 h) days during the first 35 
days after sowing exercised no effect whatever in 7 out of 10 varieties, and produced 
only slight differences in time of heading in the other 3 varieties. In a later experiment 
they determined the insensitive period in one of the 3 varieties (Rikuu 20) to be about 
30 days. In the work of CHANDRARATNA (1948) a 14-day treatment with short (6h 
and 9 h) photoperiods had no effect on the time of heading when it was started at the 
age of 7 days, but exercised a marked effect when it was started at the age of 21 days. 
With the late maturing Indian varieties T 23 and T 36 MISRA (1950) established that no 
difference in time of heading occurred when a short-day treatment (10 h) commenced 
30 or 40 days after sowing in T 23, but in T 36 earlier heading was obtained with the 
earlier treatment, which points to a shorter insensitive period in T 36 than in T 23. : 

WORMER (1953) used photoperiods of 12 and 18 h. Treatments started 10 days 
after sowing and lasted for 20 or 40 days, or during the whole life of the plant. In the 
medium-late maturing varieties Robarello and Nero di Vialone no response to the 
first treatment was found, whereas in the late maturing varieties Tjina, Baok and Nira 
even the second treatment did not affect the time of flowering. DORE (1955a) reported 
that the insensitive period lasted 4 weeks in the variety Siam 29. VELASCO and 
MANUEL (1955), who worked with the variety Elon-elon, found that when seedlings 
were transferred from long to short days at an age of 0, 15, 30, 45 or 60 days, the same 
heading date was obtained only in the first two treatments, from which they concluded 
that the insensitive period lasted 15 days in this variety. It may well be, however, that 
the insensitive period lasted 20 days or even longer. Bui and NGIEM (1959) stated that 
in the late maturing variety Tarn Den the "photophase" begins on the 20th or 23rd 
day after sowing, whereas the medium-late maturing variety Chiem Chanh, sown in 
winter, started its "photophase" late, on the 90th to 100th day after sowing, as a 
result of low winter temperatures which inhibited its "progress to the photophase", 
even under short day lengths. 

To indicate the insensitive period various terms have been used, such as "intrinsic 
vegetative period" (SUENAGA, 1936), "a certain balance" or "a certain leaf number" 
(YAMAMOTO AND MIYABAYASHI, 1944) and "basic vegetative growing habit" (ASA-

KUMA, 1958), but accurate analyses of the insensitive period were not made in these 
experiments. 

Apart from these investigations, in which the duration of the insensitive period was 
tested, the existence of such a period seems to have been assumed by many workers, 
since most day-length treatments were started from 19 days (MIYABAYASHI, 1944) to 
61 days (HARA, 1930) after sowing (see also So et al, 1927; NOGUCHI, 1930; BEACHELL, 

1943; YAMAMOTO, 1949; NISHIMURA et al, 1950; GHOSE and SHASTRY, 1954). Refer­
ence, however, should be made to some data in the literature which seem to contradict 
the existence of an insensitive period at the early stages of growth. SIRCAR (1944, 1946) 
reported that a short-day (8 h) treatment for 2 weeks after.sowing caused earlier 
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flowering in Bhasamanik, a winter paddy, but this result was not confirmed by 
SENGUPTA and SEN (1945), who treated the same variety with 8 h days during the 
first 20 days after sowing. In a second experiment with the 4 varieties, Bhasamanik, 
Indrasail, Kumargar and Tilakchary, the latter authors (see also SEN, 1948) induced 
heading 1 to 7 days earlier by exposure to long photoperiods (16 h) for 30 days after 
sowing. In experiments with early and medium-early varieties, MISRA (1951, 1953, 

-1954) found that ear emergence was delayed by short-day treatments which started 
7 to 50 days after sowing. The effect increased the earlier the treatment was imposed 
and the longer it was maintained. Similar results have been reported by SENGUPTA 

and SEN (1945) and also by SIRCAR and GHOSH (1947, 1954). The conflicting results 
in these experiments are probably mainly due to factors not specifically related to 
photoperiodism. Short days, during the early stages of growth, alone or in combina­
tion with factors such as transplanting, high night temperatures, excess of nitrogen, 
low light intensities (cloudy weather), etc., may cause less vigorous growth and, as a 
consequence, later flowering or, conversely, long days may cause more vigorous 
growth and earlier flowering (see Chapter XXVI, § 2.4) while also a transfer from a 
short to a longer photoperiod shortly before initiation may have contributed to some 
of the results obtained (see § 3). 

3.3. The transitional period 

From the data in the literature reviewed above it is evident that the presence of 
an insensitive period after germination is quite common among rice varieties, while 
varietal differences in the duration of the insensitive period are often very marked. 
In addition, the insensitive period seems to be remarkably long in rice as compared 
with other annual plant species (cf. Chapter XXIII, § 3.5), and there is no clear 
evidence of a gradual transition of the insensitive to the fully sensitive period. As far 
as the author is aware a gradual transition has only been indicated in two cases. In the 
work of TAGUCHI et al. (1953) it has been suggested that young rice plants (variety 
Aichi-asahi) become gradually more sensitive to the photoperiod with an increase in 
age. The data presented did not indicate, however, whether some treatments included 
more of the insensitive period than did others, or that the differences found were due 
to real differences in sensitivity at different stages. VELASCO and MANUEL (1955), 
working with the variety Elon-elon, exposed different groups of plants grown in 
natural days to short days (10 h) at an age of either 0, 15, 30, 45 or 60 days. The 
first two treatments started during the insensitive period, whereas in the third, fourth 
and fifth treatments initiation occurred after 23, 13 an 6 short days respectively, 
which would indicate a transitional period as long as 20-40 days. In later experiments 
the same authors (1956) working with the same variety demonstrated repeatedly, 
however, that when 45-days-old plants were exposed to 10 h days, initiation occurred 
after 5 days (and under certain temperature conditions even after 4 days), which 
contradicts the earlier results and makes it probable that the transitional period is 
even shorter than 14 days in this variety. 

To investigate the transition from the insensitive to the sensitive period a prelim­
inary experiment (E. 311) was made with a number of indica, japonica and semi-
japonica (bulu) varieties (Heenati 309, Kohumawi B-l 1, Latisail, MYAC 104, Siam 29, 
Skrivimankoti, Tjina, Americano 1600, Balilla, Eiko, Kibiho, Rikuu 132, Rikuto 
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Norin 9, Karang Serang, Solo). The plants were grown under continuous illumination 
and at weekly intervals different groups of plants were transferred to the photoperiod 
which induced initiation most rapidly (i.e. 9 h in Tjina, 12^ h in Heenati 309, and 
11 h in all other varieties). Data on the time of inflorescence initiation were recorded. 
In all varieties except Balilla and Tjina the completely insensitive period seemed to 
have changed to the fully sensitive period within a week. To determine the transition 
more accurately a second experiment (E. 312) was made in which plants were trans­
ferred to short days at daily intervals during a 10-day period from shortly before 
until shortly after the week in which the transition from the insensitive to the sensitive 
period occurred. Data on initiation obtained in this and in the previous experiment 
have been plotted in Graph 63. 

It appears that although the transition is not abrupt, it actually occurs during a 
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Graph 63 Induction period curves demonstrating the transition of the photoperiodically insensitive 
to the sensitive period. Plants grown initially in continuous light were transferred at the age given on 
the abscissa to the photoperiod which induced initiation most rapidly (9 h in Tjina and 11 h in the 

other varieties), (E. 311, E. 312). 
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few days in most varieties, which is, as far as the information at present available 
indicates, quite uncommon as compared with the response of other plant species, 
and indeed, even of other Gramineae. Throughout the adult phase the interval from 
the beginning of the short-day treatment until inflorescence initiation is fairly constant, 
with the exception of the variety Tjina, in which it increases again at later stages. 
In the section on photoperiodic induction this will be discussed in more detail. 

3.4. The sensitivity of individual leaves 

The long insensitive juvenile period may be explained by assuming some or all of 
the following: 

(1) The first leaves formed are completely insensitive to the photoperiod. 
(2) The sensitivity of the first leaves formed is so low that they do not reach an 

adequate level of induction to evoke floral initiation before the much more sensitive 
leaves formed at higher nodes have reached this stage; in other words, the induction 
of the initial leaves is so slow that it is completely masked by the rapid induction 
of the later formed leaves. 

(3) The first leaves formed do not attain the induced state before the (early) senes­
cence of these leaves. 

(4) The total leaf area which must be present before the plant can react by floral 
initiation to the inductive day length is so large that it is only reached at a relatively 
late stage of plant development. 

(5) The growing point of the young plant is unable to react to the floral stimulus, 
or the stimulus cannot reach the growing point. 

It was shown in Chapter XXIII, § 4, that the last possibility is unlikely, although it 
cannot be ruled out. In any case there does not seem to be a suitable technique to 
investigate this point in rice, since no grafting experiments can be made. In respect 
of the other four points it is only possible by experiments to clarify some aspects, 
but not sufficiently to discard any of these possibilities, as will be shown in the follow­
ing survey of the work done on this subject. It remains possible, therefore, that a 
combination of all four points occurs in rice, and it may even be that this is the 
most likely explanation. 

To study the various aspects involved in early insensitivity or low sensitivity it is 
necessary to investigate the individual leaves. The possibilities for this are limited in 
rice, however, since no grafting experiments can be made. 

Morphologically the scutellum may be considered to be the first and the coleoptile the 
second leaf (cf. Chapter II, § 3), but it is unlikely that these organs either produce or 
store the floral stimulus since both function for a short time at only the very beginning 
of the life cycle of the plant. Besides, the plant responds to the photoperiod only after 
it has reached a fairly advanced stage of vegetative development. Furthermore, the 
marked response to the photoperiod of many varieties evidently opposes the possibil­
ity that the scutellum and/or the coleoptile store the floral stimulus. 

In most varieties the first green leaf (which, for the sake of convenience, will further 
be referred to as the first leaf) has no leaf blade. The second leaf has a small blade, 
whereas the fourth and higher located leaves usually show a normal ratio between 
a long leaf blade and a short leaf sheath. The third leaf forms a transitional stage 
between the second and fourth. 
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Experiment 313. - To investigate the sensitivity of the first leaf it would be nec­
essary to grow a plant with only this leaf functioning and with all other leaves removed 
or darkened as soon as they become visible. Working with the indica varieties Skrivi-
mankoti and MYAC 104, and in later series also with the japonica varieties Nero di 
Vialone and Barilla, this appeared to be impossible, however, as a result of the very 
small area of the first leaf, which was entirely insufficient to supply the plant with the 
energy substrate required for its growth. Even a combination of the first, second and 
third leaves was insufficient to keep the plants alive for long periods. When more 
leaves were included the first leaf soon died and in most plants the second and some­
times the third leaf showed signs of yellowing before floral initiation occurred. 
Removal or darkening of leaves reduced growth so much, and consequently delayed 
floral initiation so markedly, that in this experiment the leaf number preceding the 
inflorescence was considered to be a more accurate criterion than the time from 
sowing to initiation by which to judge the response to the photoperiod. 

In an 11 h photoperiod the highly sensitive varieties Skrivimankoti and MYAC 
104 normally initiated their inflorescences on the main stems after the 12th and some­
times after the 11th leaf primordium had been differentiated, the last formed leaf 
primordium normally developing into the bract (see Chapter II, § 2, 6). When the 
first four, five or six leaves remained on the plant, initiation occurred after the primor­
dium of the 16th or 17th leaf had been differentiated. In treatments with four leaves 
the results were, however, rather doubtful, since most plants died after a relatively 
short time. Of the plants which remained alive for longer periods, only two of Skrivi­
mankoti and one of MYAC 104 initiated an inflorescence after the 17th leaf primor­
dium had been formed, whereas all other plants remained vegetative. 

When seven leaves remained on the plant, inflorescence initiation occurred after 13.5 
leaves had been formed in Skrivimankoti and 13.7 in MYAC 104, and when eight leaves 
were left on the plant the results obtained, both in time and leaf number, were about 
the same as in the control. The 8th leaf was apparently the first fully sensitive leaf. 

Most treatments used in this experiment were repeated in a second series with the 
addition of the much less sensitive varieties Balilla and Nero di Vialone. The results 
obtained showed the same tendencies as in the previous series, although differences 
between treatments were much less marked with the latter two varieties. 

The results of this experiment indicate that under normal conditions the first three 
leaves formed probably always become senescent before the plant reacts to the 
photoperiod. To explain the results obtained with the 4th, 5th and 6th leaves three 
possibilities may be suggested, viz. 

(1) The sensitivity of the leaves is very low and it takes a long time before the plant 
can react to the inductive day length by initiating flowers; 

(2) the removal of leaves is, due to the morphology of the plant, confined to the 
leaf blade and in some cases the remaining parts of the sheaths may have produced 
the floral stimulus (either under the inductive day length or in darkness); 

(3) the stimulus is produced in the stem. 
At present it is not possible to discard any of these possibilities completely, although 

the second one is likely to be the most important in view of the almost similar results 
of the 5 and 6 leaf treatments. The 7th leaf evidently shows some sensitivity, although 
it is remarkable that after the 8th leaf had expanded, the plant fairly abruptly attained 
full sensitivity and became approximately comparable with the control both in leaf 


