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A V A N T  P R O P O S  E T  S O M M A I R E  

-A-  

D'abord des excuses a nos lecteurs comme d nos auteurs : 

Apres la Table Ronde de f in ju i l let  1964 a Londres, et comme it  arr ive souvent en parei l le 

c i rconstance,  b ien des exposes oraux interessonts ont  etc  for t  longs a reuni r  sous une forme ecr i te .  Avant que cette 

tache  so i l  achevee ,  mon co l l abo ra teu r  e t  o ra l  N .  de BILDERL ING,  qu i  ava i l  a ssume l e  se c re ta r i a t  de  ce t te  Tab l e  

Ronde ,  e t a i t  appe l e  comme A t t a che  Sc i en t i f i que ,  pu i s  C . onse i l l e r  S c i en t i f i que ,  a  l ' Ambassade  de  F rance  a  Moscou  

e t  s ' i I  ne pouva i t  pas achever ( 'ed i t ion commencee,  les  c i r constances m' imposa ient  t rop de charges pour pouvoi r  l e  

fa i r e  seu l .  F i n t l ement ,  ap res  m i ss ion  accomp l i e ,  N .  de  B ILDERLING a  rep r i s  au  Phy to t ron  l e  pos te  qu ' i l  occupa i t  e t  

a pu se consacrer 6 Ia miss au point f inale des rapports,  enf in tous revs, et du résumé des discussions, et je l 'en re-

mercie.  

Ma lg re  l e  temps  ecou le ,  l ' a c tua l i t e  de  Ia  p l upar t  des  documents  demeure ,  l ' i n t e r i t  de  tous  

pers is te et  nous esperons que le  document,  ed i t s  par  le  Phytot ron de Gi f -sur -Yvet te  (France),  avec l 'a ide  du C.N.RS. ,  

pour ra  a rnorcer ,  a ( 'occas ion du X leme Congres  In te rnat i ona l  de  Botan ique a Sea le  ( f i n  coa t  1969)  la  rep r i se  de  la  

cooperat ion interessante entre "Phytotronistes" de tous les pays. 

P .  CHOUARD 

0 
0 0 

-B-  

En 1962,  s 'est  reuni  a Canberra le  premier  "Symposium sur le  contra le  de l 'envi ronnement",  

don '  L .T ,  EVANS a  p resen t s  un  r emarquab le  compte  rendu  dans  "  Env i ronmenta l  Con t ro l  o f  P l an t  Growth"  (London,  

Ac .  P ress .  1963 ) .  A  ce moment ,  l e  mot  "Phy to t r on ique "  n'a e tc  qu 'evoque ,  ma i s  l a  no t i on  qu ' i l  r ecouv re  wa i t  l a -

tente dons is penstse de tous. II a eta propose ensuite par A. LANG et P. CHOUARD pour designer 6 la fois tous les 

prob lemes techniques qui  peuvent  se poser  dans ( 'exp lo i tat ion ra t ionnel le  des  Phytot rons dune par t ,  e t  d 'aut re  par t  

auss i  de  l ' ensemble  de ce  qUe Ion peut  fa i re  avec  un phyto t ron  ou avec  que lque chose qu i  pa r t i c ipe  6  Ia  de f i n i t ion  

d 'un  phy to t ron .  A ins i  compr i se ,  l a  no t i on  de  Phy to t ron ique  s ' e t end  de  Ia  techn i que  6  l a  s c i ence  e t  aux  re che rches  

sur  les  rappor ts ent re  l ' env i ronnement et  la  b io log ic  des vegetaux.  

C'est dans le but de degrossir  ce vaste sujet,  d 'essayer d 'en preciser quelques points de de-

part,  et  d 'env isager une cooperat ion ent re "phytotronis tes" (c 'est-a-di re cette ut i l i sat ion des phytotrons),  qu 'en f in  

ju i l l e t  1964 ,  en t re  l e  Congre s  de  Pho tob io log ie  d 'Ox fo rd  e t  l e  Congre s  de  Bo tan ique  d 'Ed imbourg ,  P .  CHOUARD,  

sous  l e s  ausp i ce s  e t  avec  l ' a i de  de  l ' U .N .E .S .C .  O . ,  a  pu  r eun i r ,  a  Connaugh t  Ha l l ,  a  Lond res ,  une  "Tab l e  Ronde  

de Phyto tron ique" .  Cet te reunion,  dont la  duree a etc obl iga to i rement l imi tee 6 deux fours ,  n 'ava i t  nu l lement la  



 

pretension de resoudre sous les problemes, mais d'en poser le plus grand nombre de fawn 6 prepare- d'aurres reunions 

Nationales ou In ternotionales sur des sujets plus special ises ou plus approfondis. II serai l  par consequent i l lusoire, 

voire inuti le, de chercher dans le corepte rendu de cette reunion des resultats certains, n i  des reponses defin i t ives 

aux differenrs problemes qui peuvenr se poser. II faut simplement y voir une sorte de premieres approches pour un 

grand nombre de sujets de Phytorronique que d'autres reunions ou echanges de vues permettront de resoudre. 

Nous tenons 6 remercier part icul ierement [ 'UNESCO qui o permis, grace 6 des subsides mis 

6 l 'epoque 6 noire disposit ion, de reunir un bon nombre de personnal i tes des plus qual i f iees et dont nous reprodui-

sons dans ce fascicule les conferences presentees, Gins' que des idees ou informations objets de discussions avant eu 

l ieu avant ov apres la reunion et qui peuvent etre uti les aux personnes s' interessant 6 la Phytotronique ou 6 l 'envi-

ronnement en general. A ce dernier stade, nos remerciements s'etendent au Centre National de la Recherche Scien-

t i f ique de France (  C.  N.R.S.)  qu i  v ient d 'a ider le  Phytotron de Gi f -sur-Yvette 6 publ ier  cette masse de documents . 

Dons le present fascicule (Phytotronique I) on trouvera donc : 

A- LES TEXTES DES CONFERENCES revus et corriges par les outeurs dans l'ordreou ces conferences ont eta pronon-

cees au tours des deux journees de reunion, suivis de commentaires et discussions s'y rapportant directement, 

savoir : 

I -  Introduct ion :  P.  CHOUARD .  

President de seance : Dr FRANKEL 

2-  Is  there  a bas ic  common denominator  in  a l l  
Phytot ron ? 

D .  KOLLER  

3-  Scientific aims of the Phytotron of Reading. 
A .P .  HUGHES 

4-  Phytotron of the Laboratory of Hort iculture of the State Agr icultural  Col lege, Wageningen. 
J .  DOORENBOS 

5-  New Climatic Meosuring chambers for Plant Physiological Research. 
G. REEP :  Introduct ion 

F .  WOLF:  Techn ica l  descr ip t ion .  

6 -  A critical comparison of various types of Phytotrons. 
J . P .  N I T S C H  

President de seance : Dr KRAMER 

7-  Phytotron in Rauisch-Holzhausen, 
Technical detai ls  and experiences. R .  BRETSCHNEIDER-HERRMANN 

8-  Design of Climatic programs in Phytotron. 
R .  BRETSCHNEIDER-HERRMANN 

9-  The inf luence of Cl imatic Gradients on P lant-growth in air-conditionning greenhouses. 
W.  BOTTLAENDER  

President de seance : Dr EVANS 

10- A propos de l'Helio-
Phytotron de Gorsem C.  SIRONVAL 

11- Measurement of spectral energy distribution of artif icial i l lumination in Phytotron 
and growth cabinet. 
Y .  N I S H I Z A K I  a n d  Y .  O D A  

12- The Phytotron design. 
L . T .  E .  EVANS  



 0 0

Pres iden t  de  seance  P ro f .  LEOPOLD 

13- Some comparisons between radiation in growth 
rooms and radiation under natural condit ions. 

P .  GAASTRA  

P re s i den t  de  seance  P ro f .  LANG  

14-  Influence of CO2, on growth and yield of oats 
depending on temperature and light intensity E .  V on  BO GUSLAWSK I  

15-  Genetic variation in developmental responses to light and temperature. 
J . P .  C O O P E R  

16-  Problems of Fundamental and applied Plant Physiology which require controlled envi-
ronment. 
K . K .  N A N D A  

President de séance :  Prof .  CHOUARD 

17 -  Sugges t i on s  pou r  une  coope r a t i on  avec  l ' a ppu i  
de  ( 'UNESCO .  
M.  FRANZLE and  M.  WALT  ER  

B- LES TEXTES DE QUELQUES SUGGESTIONS POUR DISCUSSIONS et reflexions resues avant la reunion : 

I- Chambers versus rooms 
H.J. KETELLAPPER 

2 -  M i c r o c l i m a t o l o g y  
H.J. KETELLAPPER 

3 -  S o i l  t e m p e r a t u r e  
H.J. KETELLAPPER 

4 -  Effect of age and stage of development on the rate of photosynthesis 
P .M .  CARTWRIGHT 

5 -  L i g h t  s o u r c e  H.J. 
KETELLAPPER 

6 -  Light intensity and quality effects on plant 
F .P .  ZSCHEILE  

7 -  Phytotronics of woody species = dendroton 
S . D .  R I C H A R D S O N  

8 -  Regional large Phytotron combined with local small facil it ies 
H.J .  KETELLAPPER 

C- LES COMPTES RENDUS DES DISCUSSIONS, classes par grands sujets suivonts : 

I -  Comment dol t  'e t re  un Phytot ron. 

I I -  Tempera tu re  de  ( 'amb iance  e t  des  p lon tes .  

I I I -  L u m i e r e .  

!V- Humidite de la ir et du substrat.  

V -  G a z  c a r b o n i q u e  d e  

V I -  Beso ins  e t  u t i l i s a t i ons  des  Phy to t r ons .  

V I I -  C o o p e r a t i o n  I n t e r n a t i o n a l e  -  A i d e  d e  l ' U N E S C O .  

D- RESUME ET CONCLUSIONS DE LA REUNION PHYTOTRONIQUE t,Loncites Juille' 1554).- 
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P O S T F A C E  

Les circonstances ayant impose a la parution de "Phytotronique I" pres de cinq annees de 

delai  de ref lexion, cares la reunion de Londres en 1964 et le lOeme Congres Internat ional de Botanique qui avait su iv i  

auss i tOt  a Ed imbourg,  -et  pu isque [ 'avant-propos de ce volume a ete dcr i t  avant  le  l leme Congres Internat ional de 

Botanique de Seattle (AoCit-Septembre 1969),- i t convenait de prolonger cet avant-propos par une courte "post face" 

&r i te  apres ce Congres. 

0 
0  0  

En 1964, cares une longue preparation, environ 230 phytotronistes avaient part ic ipe a la Tab le 

Ronde de Londres qu i  fa i t  ( 'objet  de ce volume, 120 par  correspondonce,  110 par leur  presence act ive.  C inq ens plus 

tard, consulter moins de 2 mois avant l 'ouverture du Congres de Seattle en 1969, 180 parmi les mimes phytotronistes 

avaient deja reponciu avant le Congres qu'i ls s' interessaient a la poursuite des projets anterieurs. Une cinquantaine, qui ont 

pu venir a Seatt le, ont repris contact (notamment les 28 aoi)t et ler septembre 1969) et ont discute la suite a donner d 

ces projets,sans engagement certes, mais dans un souci d' information commune et p lus &endue. 

Cinq proposi t ions expr iment, en résumé, ce qui  ressort de te ls entretiens a Seatt le 

1.- Avant tout, it est souhaite unanimement le developpernent dune information commune sur les techniques et les 

real isat ions des equipements phytotroniques et sur la  bib l iographic des publ ications sc ient i f iques des phytotronistes, 

en vue de progresser dans la methode de conception et d'emploi des phytotrons et des equipements similaires pour les 

recherches sc ient i f iques fondamenta les e ,  oppl iquees. Un "bu l le t in de l ia ison" est unanimement des i re,  dans le  sens 

ou des "Phyto t ron ic  News Let ters"ava lent  e te proposees par  le  representant de ( 'UNESCO en 1964:  vo i r  c i -dessus p .  

68  l e  t ex te  de  M .M .  FRANZLE  e t  WALTER .  

N.B. Par suite d'empechements techniques, aucun representant de ('UNESCO n'a pu assister aux reunions de 

Phytotronique a Seattle. 

2.- Sur  l a  p ropos i t i on  du  P ro fe sseur  F .W.  WENT,  i t  a  e te  convenu  que  l ' equ ipe  du  Phy to t ron  du  C .N .R .S ,  a  Gi f - 
(1) 

sur-Yvette assurerai t  la responscbi l i te de passer aux actes, de mettre en place un systeme s imple et prov iso i re 

d ' intercommunicat ions et,  ce fa isant ,  de " t rouver le  mouvement en merchant".  

3.- Chacun est d'accord pour col laborer, peu ou prou et scion ses moyens, a la fourniture des informations techniques 

et scientifiques definies ci-dessus (paragraphe 1) et demandees par taus. 

4.- 11 est reconnu souhaitable de se rencontrer,  apt& une preparat ion suff isante, par exemple a ( 'occasion des con-

gres internat ionaux de Botanique ( le  prochain XI!erne Congres est  prevu a Leningrad en 1975) et,  s ' i l  y  a l ieu,  en des 

occas ions s imi la i res ,  re l ies  que les prochains internat ionaux d 'Hort icu l ture.  

5.- Observant que le  Programme 8io logie Internat ional  (P .B.1.  =1.B.P.) ,  aussi  b ien que le projet de l 'UNESCO 

M.A.B .  (Man and B iosphere) recherchent run e t  l 'aut re la  conservat ion e t  la  va lor isa t ion des ressources  nature l l es  

(1) adresse : Secretariat Phytotronique 

C . N . R . S .  P h y t o t r o n ,  9 1 -G i f - s u r - Y v e t t e - F r a n c e .  
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e t  ( ' op t im i s a t i on  d e  l a  p roduc t i on  v ege ta l e ,  i n s  P hy to t r on i s t e s  qu i  s aven t  que  l e s  "moyens  phy to t r on i ques "  son t  des  

out i ls  ind ispensab les  au progres de i s  p lupart  de re l ies recherches ,  se dec larent  prets  a  "consid6rer" tout  programme,  

p rob i e rne  de  coope ra t i on  ou  de  coo r d i na t i on  qu i  pou r r a i t  l e u r  e t r e  p r opo se  pa r  l e  P .B . I .  ou  pa r  l e  M .A . B .  ou  au t r e -

ment  et  dans un te l  bu t .  

0 o 

L 'opt imi sat ion de  l a  product ion g loba le  de l a  photosynthese  et  se t  bases  eco log iques  e t  

phys io l og i ques  e t a ien t  l e  su j e t  d ' un  sympos ium i n t e rna t i ona l  p revu  par  l e  P .B . I .  en  deux  par t i es ,  Tune a  T rebon 

( T che co s l o v aqu i e ) ,  l ' a u t r e  a  Mos cou  (U .R . S . S . )  t o u t e s  d eux  r une  ap r e s  l ' a u t r e  e n  s ep t emb r e  1969 .  L a  s imu l a t i o n  ou  

l a  "mode l  i s a t i o n "  ma the r no t i que  d es  p rob l emes  y  f u t  env i sagee .  A  ( ' i s sue  de  c e  doub l e  s ympos ium,  c ' e s t - e -d i r e  l e  

29  s ep t emb re  1969  a  "Am. ,  t ou t  c e  qu i  p r ecede  a  e t c  r appo r t e  e t  a  r e t eeu  un  v i f  i n t e r e t  de  Peesemb l e  des  pa r t i c i -

pan t s  a  ce  s ympos ium :  une  coope ra t i on  des  Phy to t rons  aux  p rob l emes  d 'op t im i sa t i on  de  l a  p roduc t i v i t e  des  p l an t es  e t  

aux  express ions mathernat iques de ces prob lemes est  apporue commie hautement  des i rab le .  
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Pour  l es  se rv i ces  qu 'on  peut  en  at tendre  l es  Phyto t rons e t  l e s  equ ipements  phyto t ron iques 

do i ven t  e t r e  exa c t e rnen t  adap t es  a  l eu r  f i na l i t e  p rop re ,  d i f f e r e r  s e l o n  l e s  p rob l emes  a  t r a i l e r  e t  s e l on  l e s  c i r cons t an -

ces ,  p e rd r e  l a  r epu t a t i o n  e r r onee  d ' e t r e  t r ap  e l i c i t  e t  ne  co0 t e r  que  c e  qu ' i l  f ou l  pou r  l e  bu t  r e che r che .  C ' e s t  en co r e  

une  ques t i on  de  te chno l og i e  con f ron t  &  avec  l e s  d i ve rs  beso in s  de  l ' E cophys io l og i e .  C ' es t  ce  qu ' a  vou lu  exp r imer  l e  

P ro f e s seu r  F .W.  WENT  a  l a  f i n  d es  r eun i on s  d e  Phy to t r on i que  a  Sea t t l e  e t  qu ' i l  a  t r ans c r i t  dans  l a  cou r t e  no t e  s u i -

vante :  

PHY TOT R ON S . - "  My  expe r i ence  w i t h  phy to t rons  has  shown t ha t  one  o f  the  mos t  impo r t an t  cond i t i ons  in  

"  the i r  es tab l i shment  i s  the co l l abo rat ion  w i th  a  fu l l y  competent  eng ineer .  Mos t  o i r  con-

" ' d i t i o n i ng  e ng i n e e r s  h a ve  had  no  e x pe r i e n c e  w i t h  t h e  c on t r o l l i n g  o f  t h e  g r e enho u se  en "  

v i ronment  and  consequent l y  g rove  e r ro r s  have  been made i n  cons t ruc t i on  o f  a  number  o f  "  

t hem.  I  wou ld  s ugges t  t ha t  o  l i s t  o f  eng i nee r s  be  p repa red  who  have  had  expe r i en ce  i n  "  

bu i l d i ng  a i r  cond i t i oned  g r eenhouses  be fo re  one  i s  emp l oyed  t o  des i gn  a  new  one .  Th i s  "  

n o t  on l y  w i l l  a f f e c t  t h e  ope r a t i o n  o f  t h e  g r e enhou se s ,  bu t  a l s o  i t s  op e r ab i l i t y  a nd  e co "  

nomics .  

"  I f  o n e  c a l c u l a t e s  t h e  t o t a l  c o s t  o f    p h y t o t r o n  a nd  d i v i d e s  t h i s  b y  t h e  t o t a l  a r e a  "  

a v a i l a b l e  f o r  t h e  g r ow i ng  o f  p l a n t s ,  t h en  t h e  o n l y  2  i n s t a l l a t i o n s  wh i ch  I  k now  o f  wh e r e  "  

t he  bu i l d i ng  and  i n s t a l l a t i on  co s t s  we r e  l e s s  t han  $  100  pe r  squa re  f o o t  a r e  t h e  Ea rha r t  

P l a n t  R e s e a r c h  L a b o r a t o r y  a n d  t he  s m a l l  a i r  c o n d i t i o n e d  g r e e n h o u s e s  a n d  a r t i f i c i a l l y  

l i g h t e d  r o o m s  a t  t h e  D e s e r t  R e s e a r c h  o f  t h e  U n i v e r s i t y  o f  N e v a d a  S y s t em ,  w h i c h  w e r e  $  

90  and  $  80  r e s pe c t i v e l y .  T he  a c t ua l  c o s t  o f  t h e  phy t o t r on  i s  l a r g e l y  a  F un c t i o n  o f  t h e  "  

d eg r ee  o f  c on t r o l  wh i c h  c a n  b e  e x e r t ed .  Whe r ea s ,  i t  i s  e s s en t i a l  t o  h a v e  s omewhe r e  an  "  

i n s t a l l a t i o n  whe r e  t h e  c on t r o l  i s  v e r y  p r e c i s e ,  s u ch  a s  i n  t h e  phy t o t r on  i n  G i F ,  f o r  mo s t  "  

wo r k  a  l owe r  d eg r ee  o f  p r e c i s i o n  i s  n o t  on l y  a c c ep t ab l e ,  b u t  a d v i s ab l e .  I t  s t i l l  h a s  t o  b e  "  

s hown  t o  wha t  e x t en t  c on t r o l  o f  t h e  r e l a t i v e  hum i d i t y  i s  e s s en t i a l  f o r  c on t r o l l e d  p l a n t  "  

g rowth .  

"  A l t hough  i t  wou l d  seem obv i o us  f r om the  r e s u l t s  ob t a i ned  i n  t h e  d i f f e r en t  ex i s t i ng  

"  phy to t r ons  t ha t  env i ronmen ta l  con t ro l  i s  essen t i a l  i n  t he  g row ing  o f  p l an t  mate r i a l  and  

"  i n  s t udy i ng  p l an t  r e sponse ,  i t  i s  s t i l l  t o  o f t en  c l a imed  t ha t  s uch  con t ro l  i s  t oo  expens i v e .  

"  I  comp le t e l y  d i sag ree  w i t h  t he  l a t t e r  s t a t ement .  I t  a l so  shou ld  be  ment ioned  the  use  o f  

"  un con t ro l l ed  env i r onmen t s  i n  p l an t  expe r imen t s  i s  un r easonab l y  expens i v e  i n  t e rms  o f  i n e f "  

f i c i ency  and  was t e  o f  t he  t ime o f  r e sea r che rs .  



 

"  In  the  greenhouses  which  we a re  operat ing  now in  Reno,  i t  has  been found that  "  

a  number  o f  p lants  cou ld  no t  poss ib ly  be  g rown in  one ,  a l though they  thr i ve  i n  another  "  

g reenhouse,  because  o f  the i r  spec ia l  t empera tu re  to le rance .  Cyamops i s ,  an Ind ian legu"  

me,  fo r  i ns tance ,  does no t  g row at  a l l  a t  coo le r  day  and  n ight  tempera tures ,  whereas ,  "  i t  

th r i ves a t  30° day and 20° n ight  temperatures  prov ided they are  sub jec ted to a long "  day.  

These are the  same condi t ions  under  which some o f  the deser t  p lants ,  for  ins tance,  "  

Lor re°  thr i ve ,  whereas ,  o the r  typ ica l  dese r t  p lants  such as   A t r ip lex hymene ly t ra  grow "  

bes t  a t  20°  day  and 10°  n igh t  tempera ture .  Under  the  la t te r  cond i t ions  a l so  a  number  "  o f  

montane he rbs  grow we l l ,  whereas ,  a l l  a lp ine  p lants  we t r ied  g rew bes t  a t  10°  day  "  and 

5° n ight  temperature. "  

F.W. WENT 
(Septembre 1969).- 
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Nous  r emer c i ons  tous  l e s  au teur s  qu i  on t  fou rn i  l e s  a r t i c l e s  du  p re sen t  vo lume "Phy to t ro -

n ique I" ,  tous les  phyto tron i s tes qu i  ont  an ime  les  d i s cuss ions  e t  qu i  sont  en t res  dons  l a  vo ie  d 'une  coopera t ion  ouver te,  

libre et 1 -econde. 

P .  C h .  e t  N .  d e  B .  

G i f - su r -Yve t te  -91  F rance .  
20 Oc tob re  1969 .  
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I NTRODUCTION 

Par 

P ro f .  P .  CHOUARD -  Fau l te  des  Sc iences  -  Pa r i s  
e t  P h y t o t r o n ,  C . N . R . 5 . ,  G i f - s u r - Y v e t t e .  

Je voudrais d'abord remercier toutes les personnes presentes a cette "Table Ronde" ainsi que 

ce lLes qui nous ont a ides dans ( 'o rgan isa t ion  de cette reunion in ternat iona le et  en premier  l i eu l 'UNESCO. 

L 'UNESCO s ' i n te resse  ac tue l l ement  aux Phy to t rons  dans  l e  cadre  de  son theme d 'ac t i on  dans  l e s  

" reg ions  a r i de s " .  L 'Asse rnb lee  Genera le  de  [ 'UNESCO a ,  en  e f f e t ,  adop te  dans  ses  re so lu t i ons  l a  recommenda tion d' 

"agir  en vue de fa ire progresser les connaissances sc ient i f iques et leers appl icat ions en contr ibuant au developpement de la 

methode de maihrise de l 'environnement par l 'emploi des Phytotrons". 11 est probable que le champ d ' intervent ion 

mointenant l imi te aux "zones ar ides" sera etendu a d 'aurres sortes de regions "en vo ie de developpemeat" ou auss i  a des 

problemes sc ienti f iques fondamentaux et generaux te l l  que le theme du "programme biologique in ternat iona l  en vue du 

b ien-et re  hurna in"  ac tue l lement prepare  par  l 'Un iqn Internat iona le  des Sc iences B io log iques.  

De toute fawn pour ( ' instant, c 'est precisement porce que les Phytotrons peuvent cider a I 'a-

me l i o r a t i on  de  l a  p roduc t i v i t e  en  Agr i cu l t u re ,  pa r  exemp le  dans  l e s  pays  en  vo ie  de  deve ioppement ,  qu ' i l  a  e r e  

poss ib le  de  fa i re  inserer  un pet i t  budget  6  l a  confe rence  genera le  de  ( 'UNESCO.  E t  &est  prec i sement  ce  pet i t  budget 

qui m'a permit de vous inviter b part ic iper a cette "Table Ronde" et d'assumer les cfepenses relat ives a certains 

deplacements a ins i  qu 'a l 'hebergernent dont nous benef ic ierons a Connaught Hal l .  

Ce  p recedent  insc r i t  a  I  'UNESCO pourra i t  deven i r  l e  po in t  de  depar t  de  poss ib i l i t es  me i l l eures 

et  de perspect ives pour l 'aveni r  te l les que : 

1-  L'envoi de stagia ires en provenance des pays en voie de dive loppernent er ,  quond i ls seront 

entra ines,  ( 'ass istance a ces  pays pour requipement de mayens phytotroniques p lus ou moins s impl i f ies et  appropr ies 

leurs besoins de recherches pures et appl iquees. 

2-  Des reunions de F'llytorronistes en vue d'etudier en commun des problernes scientifiques et 

techniques re levant des methodes de mattr ise de l 'env ironnement.  

3-  La stimulation de recherches concertees sur les bases scientifiques de Ia connaissance de la 

cro issance et  du developpement et ,  f ina lernent,  de tout ce qui  const i tue les bases de Ia product iv i te des vegetaux. 

Nous  pourrans ,  au  cour t  des presentes reun ions ,  d i s cu te r  e r  expose r  no t  po ints de  vues sur  les  

formes de cooperation possible et peur-letre, ic i  ou plus tard, proposer un programme plus vaste et plus concret a 

( 'appreciat ion de ( 'UNESCO. 

Mais aussi je voudrais tres simplement remercier les quelques personnalites eminentes qui ont b ien 

voulu se charger des debuts et cel les qui ant bien voulu preparer des exposes a entendre eta discuter. 

a 
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Avant de laisser to parole aux conferenciers, je voudrais disserter brievement sur les definitions 

de mots propres a ('objet de notre rencontre ; ils sont en gronde pantie empruntes aux Prof. A. LANG, avec quelques 

nuances ou modifications de mo part. 

On vo parler des Phytotrons et de Ia Phytotronique. Mais qu'est-ce qu'un Phytotron ? Qu'est-
ce que la Phytotronique ? 

Je n'insisteroi pas sur l'etymologie du mot Phytotron, issu d'obord d'une plaisanterie (cyclotron 

phytotron) mais qui, d'apres un helleniste de mes arnis, pourrait egalement signifier : "tirer de la plonte tout 

ce qu'elle peut fournir par les moyens et par les artifices de l'homme", ceci par reference au mot grec Arotron, le 

charme de l'araire, instrument pour tirer du sol tout co que l'homme peut en faire sortir. 

Pratiquement, pour nous, it semblerait que Ion puisse appeler Phytotron tout instrument, ou 

pleat tout equipernent dans lequel on peut maitriser plus ou moins completement plusieurs facteurs de l'environne-

ment simul tenement et separement. Plusieurs, car s'il s'agissait d'un seul facteur, taus ceux qui ont par exempla une 

etuve ou une serre diraient qu'ils ont un Phytotron. Je crois qu'il n'y a pas de Phytotron s'il n'existe pas plusieurs 

combinaisons de ces divers facteurs du milieu. La Ida it y a une seule combinaison permanente de plusieurs facteurs 

du milieu, c'est seulement une unite d'un Phytotron. Celui-ci, en effet, doit etre forme de plusieurs unites pour per-

mettre d'assurer non seulement la reproductibil itid'une experience dons une situation elle-meme bien reproduite, 

mais aussi de combiner des experiences comparatives indispensables a Ia logique meme de 1' experimentation physiolo-

gigue selon laquelle sont eprouvees les valeurs diverses dune meme variable, toutes les autres variables etant fixes, 

celles dune autre variable, etc.., et enfin les combinaisons de deux, puis de plusieurs variables simultanement, les 

variables etont ici chacune des composontes de l'environnement. 

On pourrait donc definir un Phytotron en un !engage plus moderne ensemble de modeles re-

dulls de climats et d'environnements ou,encore, des simulateurs de climats et d'environnement ou des simulateurs de 

types de culture_ De meme que les avioteurs 00 des simulateurs d'avions en vol pour pouvoir prevoir tout ce qui se 

passera durant tin vol reel -de mime avec un phytotron nous cherchons ii simuter des conditions naturelles complexes 

en les reduisant a des combinaisons simples et defines de fawn a connaltre ce qui se passe dans chacune et 

essayer de prevoir les reactions dans les conditions naturelles plus complexes. 

II y a, naturellement, toute une gamme de possibilites de construire ou de realiser des phyto-

trans fort divers repondant a cette definition generale du mot phytotron. II y en a des grands ou des petits,  les dimen-

sions des locoux phytotrones n'importent pas d la definition ; par exemple, on peut avoir un groupe de petites bones 

bien conditionnees, un group. de petits cabinets ou un ensemble de grandes solles climatisees. Recemment, j'ai en-

tendu parler d'un projet ou cheque salle devroit avoir un volume de l'ordre de 10.000 et meme de 100.000 metres 

cubes mais, bien set-, ce projet n'est aucunement celui de botonistes 

Le nombre de facteurs martrises a la fois peut etre egalement different: 2,3,4) temperature et 

lumiere en duree, ou bien aussi lumiere en niveou et en qualite d'eclairement, humidite, nutrition minerole, teneur 

de lair en gaz carbonique, etc... De meme le degre.de precision dons le contrele de ces facteurs peut etre diffe-

rent. Tout calm constitue mutant de types de Phytotrons qui ont chocun un but et un usage porticuliers ; I run d'entre 

eux peut convenir exactement 6 certaine recherche et ne pas convenir du tout d une outre recherche. De sorte qu'il 

n'y a pas de phytotron que Ion puisse dire a la fois parfait et bon "a tout faire" ; plus les services demand& a un 

phytotron seront divers, plus la perfection sera difficile a approcher. Ce qui peut approcher de la perfection, c'esr 

Ia specialisation d'un phytotron pour un but determine. Cela n'empeche pas qu'il y ait une definition commune 

tous, un effort technologique commun, un "savoir faire" commun, en un mot, une "phytotronique". 



 

Voic i  done ce mot p lus nouveau, la "Phytotron ique",  que je vous propose d 'adopter  :  

II est cree par analogie avec les mots (employes ic i  comme substonti fs) :  

-  "E lectron ique" -sc ience des e lectrons,  des phenomenes qui  les  concernent et  de leur emplo i .  

-  ' 'Hydropon ique"  -sc ience  de  la  cu l tu re  oe  [ 'eau,  e t  non le  so l ,  es t  le  pr inc ipa l  moyen d ' in te rvent ion .  - 

"Physique" (au sans large) -science de la nature. 

Le terms "Phytotron ique" peut des igner dune maniere ossez large et comprehens ib le  tout ce 

qui se rapporte aux Phytotrons, consideres comme instruments a savoir uti l iser, i5 perfectionner et a adapter, comme 

out i l s  de travai l  pour un ensemble coherent de problemes de sc ience pure et de sc ience appl iquee dont i t  conv ient 

de confronter l 'avancement. 

C'est dans ce sens qu' i l  avait etc employe, semble-t- i l ,  au cours des deux col loques qui se 

sont tenus l 'un a Canberra en acid 1962, sur les problemes scientiFiques de physiologie vegetale qui relevant des 

moyens de maitrise de l'environnement, l'autre a Melbourne en septembre 1962, sur les techniques de maitrise de 

l 'environnement, c 'est-e-dire precisement sur la real isat ion des disposit i fs et sur l 'agencement des phytotrons. 

Pour le  moment la phytotron ique nest pas une sc ience en soi  ;  c 'est  une technique appl iquee 

k sc ience, mais une technique qui  devient de p lus en p lus importante et qu i ,  peut-etre,  un jour,  deviendra une 

sc ience .  Une cer to ine  analog ie  avec  l ' evo lu t ion  de  ce  qu i  &ai l '  e t ce  que dev ient  l ' e lec t ron ique es t  concevable .  

Actuel lement r if le un grand nombre de personnes s'y interessent ; jugez-en d'apres noire nombre d'aujourd'hui et ici , 

&ors que nous ne sommes pas le tiers de ceux qui nous ont fai t part de l ' interet clu' i ls portent b notre programme. 

L ' inter i t  augmente partout pour les moyens, les methodes d'asservissement de l 'environnement 

et la "phys io log ic  de l 'env ironnement". Ce l le-c i  devient en ver i te  l 'un des aspects les p lus importants  de la physio-

logic moderne. Pour cela, T1 1ut foul des outi ls appropries ; les Phytotrons sont ces outi ls. Nous ovons a cooperer 

ensemble at c'est ce que nous al lons essayer de faire en discutant des divers aspects de la phytotronique. 
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I S  T H E R E  A  B A S I C  C O M M O N  D E N O M I N A T O R  I N  A L L  P H Y T O T R O N S  ?  

by 

D r  Dov  KOLLER  

Department o f  Botany,  The Hebrew Univers i ty ,  Jerusa lem,  Israe l .  

I asked to rake the subject of the common denominator before this Symposium because al l  phy-

totrons which I have seen or read about differ from each other. As a result of this great diversity amongst phytotrons, 

anyone who contemplates bui ld ing a phytotron today has to make a thorough study of a l l  exis t ing ones,  evaluate the 

meri ts  and shortcomings of each, combine to the best of h is judgment the most favorab le features of a l l ,  and add se-

veral  or ig ina l  contr ibut ions to the design. I f  he is  careful ,  he wi l l  a lso test h is overal l  des ign in a "p i lo t-p lant" phy-

to t ron.  Thi s  p rocedure  i s  most  educat iona l  fo r  the  future phyto tron i s ts ,  and wi l l  most  p robably lead to  genuine  ad-

vances in phytotron des ign and operat ion .  I t  i s ,  however ,  p rohib i t ive ly  expens ive  for  most sc ient i f i c  ins t i tu t ions ,  as  

we l l  as  t ime-consuming to  sc ient i s t s  who mere ly  need the  phy tot ron as  a  too l  o f  a  range,  accuracy  and  ve rsat i l i t y  to  

be determined by the general  area of research and the s ize of  the ir  budget.  

Divers i ty amongst exist ing phytotrons has come about in several  ways. 

The d ivers i ty  due to  lack of an agreed def in i t ion o f  a  phytot ron,  has  a l ready been adequate ly  

dealt with in  the opening remarks by Prof .  Chouard.  Some divers i ty arose through the sc ient i f ic  and technological  

evo lu t ion of phytotrons,  with our increasing understanding of  the a ler t  and i ts  env i ronment and wi th the improved 

technology at  our  d i sposa l .  This  evo lut ionary process wi l l  and should undoubted ly  cont inue to produce newer and 

better "models" of phytotrons. An addit ional cause of unavoidable divers i ty is the special ized nature of the problems 

wh ich  some phy tot rons  are  exc lus ive l y  devo ted  to ,  i .e .  spec ia l  c rops  (sugar -cane,  l i ce ,  fo res t  t rees ,  f ru i t  t rees) ,  

ep idemic  d i sea ses ,  spec ia l  env i r onmen ts ,  e t c . . .  There  a re ,  however ,  two  avo idab le  causes  fo r  d i ve r s i t y .  F i r s t ,  l a ck  

o f  agreement among phytot ronis ts  on the  re la t ive  va lue  o f  var ious  env i ronmenta l  fac tors  fo r  c r i t i ca l  exper imenta l  

work,  and second,  the d i f ferent  interpretat ions which the des ign ing engineers have made to the requirements spe l led 

out  by the bio log is t.  I t  i s  my hope that th is  conference,  coming as i t  does after  about 20 years of  exper ience with  

phytotrons,  may he lp to corre la te  the accumula ted knowledge and thus c la r i fy  the  i ssues invo lved ,  so that  common 

bas ic features of "normal"  phytotrons can be indicated. Let  me make c lear that by "common denominator" I  do not  

mean pre fabr icated phytotrons  or  even a  s tandard  p lan,  s ince c lear ly  s i ze ,  range o f  condi t ions ,  degree o f  accuracy 

and versat i l i ty,  a l locat ion of space for darkness,  ar t i f i c ia l  l ight and natura l  i l luminat ion, wi l l  a l l  be determined by 

requi rements of  c l imate and budget.  

in try ing to def ine some of the propert ies of the common denominator in phytotrons one should 

start with an agreement of the concept of a phytotron. A phytotron may be described as an "environmental  spectro-

graph",  which can s imul taneously provide a re lat ive ly large number of  d i f ferent  environments,  in  a more or less con-

t inuous spectrum. I t d i f fers  basica l ly  from a spectrograph,  however,  s ince the la t ter  deals  wi th but one var iab le 

(wave length) ,  wh i le  the  var iab les  wh i ch  make up  the  p lan t ' s  env i ronment  a re  numerous.  The utop ian phyto t ron 

should,  in theory,  prov ide the poss ib i l i ty of s imul taneous test ing of  p lant  responses in a mul t i factor ia l  envi ronment,  

covering al l  environmental factors known to biology. The utopian phytotron is therefore an unreal ist ic and probably 

unmanageable monstrosi ty.  The compromise solut ion is  to  prov ide "permanent" grad ients for  a l imi ted number of  fac-  



 

tors and make adequate provision for introducing "temporary" gradients for as many of the remaining factors as is 

pract icable. ln most phytotrons, the two factors provided as permanent crossed-gradients are temperature and l ight/ 

dark.  Temporary gradients  of  daylength and l ight intens i ty  are eas i ly  super imposed, the f i rs t  by programmed l ight-

dark shifts, the other by shading. Provis ion can possibly be made for s imi lar temporary gradients of other environmen-

ta l  factors ,  to be "p iped in f rom some centra l  supply to each compartment of  the exis t ing  permanent  g rad ients .  For 

example, i f  hot and cold water ore piped into al l  compartments, suitable mixtures con be run through heat exchangers 

to provide different soi l  temperatures. Similar arrangements can possibly be made to supply air of different gaseous  

compos i t ion ,  humid i ty ,  e tc . .  To accommodate  these  temporary grad ients ,  versat i le  smal l  sub-compartments  should 

be made avai lab le,  the contents  of  which are iso lated f rom these of  the main compartment,  wi th respect to the 

factor which is var ied in the temporary gradient.  

An addit ional prerequis i te of phytotrons is uniformity of the environment. The plant environment 

wi th in each compartment is  uni form i f  mass and energy are evenly d is tr ibuted. In the aer ia l  envi ronment of  the 

compartment, even distr ibution of mass and kinetic energy at the plant surfaces can be achieved not only by ensuring 

uniformity at the source, but also by reducing resistance to boundary layer diffusion at the plant-atmosphere in ter face ,  

wh ich  can only  be done by  increas ing w ind ve loc i ty .  Se lec t ion  of  the  appropr ia te  method of  a i r  movement  - f loor  to  

ce i l ing,  wal l  to  wal l ,  or  tu rbu lent  mix ing-  wou ld depend on the  topography of  the  p lant  canopy wi thin the 

compartment, since mutual interference with air movement between neighboring plants would differ in each case. Even 

distr ibut ion of radiant energy requires  uniformity of the source, as wel l  as  avoidance of mutual interference by 

neighboring plants. Ample spacing between individual plants, and between wal ls and plants is  the obvious 

answer,  but f requent randomizat ion of  the populat ion wi th in the compartment should a lso be pract iced. I t  should a lso 

be kept in mind that radiation from artif icial  l ight sources changes with lamp age, while that in natural ly-l i t compartments 

changes with season. Provision should therefore be made for programmed replacement of lamps in the first case, and 

caution should be used in comparing results obtained in different seasons in the latter case. 

if temperature is taken as the main permanent gradient, all other factors should be kept compa-

rable in al l  compartments. With respect to l ight,  th is impl ies a s imi lar or ientat ion of al l  natural ly l i t  compartments 

towards the sun, and equal lamp temperature in the artif icial ly l i t  compartments. CO2  concentrations can be kept 

comparable in  the d i f ferent compartments ,  and f ree of  dai ly  var iat ions, on ly i f  mainta ined at  a level  equal to,  or  

higher than the maximal produced by plant respirat ion in darkness. Of al l  humidity parameters, the most s ignif icant 

one for the plant is the vapor pressure gradient between leaf and air. Since saturated vapor pressure varies with tem-

perature, i t  is  not suff ic ient to maintain atmospheric humidity ar a constant level ,  but air  movement should also be 

kept suff ic iently rapid to minimize the temperature differential between leaf and air. Furthermore, by the same rea-

soning, it  is obvious that comparable vapor pressure gradients in compartments maintained at different temperatures 

are l imited on the one hand by the minimal humidity which can be maintained in the coldest comportment,  and on 

the other hand by the d isease-promot ing act ion of  h igh humidi ty.  Final ly ,  i r r igat ion schedules have to be worked 

out, taking into account the different rates of water loss through evapo-transpiration under different environmental 

condit ions.  

The last aspect I would l ike to touch upon is that of f lexibi l i ty. Only too often are phytotrons 

r igidly designed to accommodate just the present requirements of research at the institut ion. Additional r igidity is  

superimposed by basing the design on sizes and capacities of existing lamps, machinery and equipment. This rigidity 

leaves l i t t le scope For changes,  to accommodate new interests  and improved equipment.  F lex ib i l i ty  of  use may 

poss ibly be achieved by dividing the entire controlled space along the permanent gradient into the smallest practicable 

compartments .  I f  each of  these  can be  regu lated over  a  cer ta in  l im i t ed  range,  increased demands  for  space  in  any 

one condition may be satisf ied by reallocation at the expense of other conditions where pressure is lower. Require-

ments for special ,  isolated condi t ions can also thus be met,  and entire compartments set as ide as required, for stu-

d ies in  spec ia l  temperature regimes, spectra l  regions gas mixtures,  pathologica l ,  entomological ,  or  radioact ive 



 

work, etc. Such an arrangement wi l l  fac i l i tate routine maintenance and repairs,  s ince only smal l  port ions of the 

insta l lat ion wi l l  be shut down at any one t ime. Moreover,  th is  wi l l  permit  economical  operat ion,  by c los ing down 

space which is  not in  use.  Final ly ,  f lex ib i l i ty  in  technical  des ign should be ach ieved by a l lowance of  space for  fu-

ture insta l lat ion of  d i f ferent-s ized lamps and condi t ion ing equipment,  addi t ional  cool ing and heat ing capaci ty  nd 

more pipes, ducts. and conduits. 

I do not presume to hove exhausted the subject, but have merely tried to scratch the surface, 

in the hope that the fol lowing talks and discussions wi l l  enlarge on the subject and help us obtain a better ins ight in-

to the common denominator in al l  phytotrons. 
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S C I E N T I F I C  A I M S  O F  T H E  P H Y T O T R O N  O F  R E A D I N G  

by 

D r  A .P .  HUGHES ,  A .R .C .  Un i t  o f  F l owe r  C rop  Phys i o l ogy ,  

U n i v e r s i t y  o f  Rea d i n g .  

In our work we are attempting to provide basic physiological information to enable the glasshouse 

growers in th i s  country to improve and d ivers i fy  the i r  products,  par t icu lar ly  o f  f lowers ,  e i ther  cut  o r  in pots,  dur ing the 

winter months when the days are as short  as e ight hours and l ight  intensi t ies  are very low.  We ore interested ,  

the re fo re ,  i n  t he  re l a t i onsh ip s  be tween  l i gh t ,  t empera tu re ,  ca rbon  d iox ide  concen t ra t i on  and  day  l eng th ,  and  i t  i s  

essent ia l  fo r  th i s  to  have a mul t i fac tor ia l  sys tem of  inves t igat ion.  Fur thermore,  a f te r  we have reso lved these in more-

or- less constant condi t ions,  we need some outs ide condi t ions in o g lasshouse to conf i rm that  the resul ts  of  the cab ine ts  

can he ex t rapo la ted  to  commerc ia l  cond i t ions .  Our  fac i l i t i e s  cons i s t  o f  a  ha l l  wh ich  conta ins  n ine  cab ine ts  w i th  

prov i s ion  fo r  o  to ta l  o f  twe lve  ( f ig .  1 ) ,  enab l i ng  us  to  ca r ry  out  a  3  x  2  x  2  fac tor ia l .  We have a l so  i n  cons t ruc t ion a  

four  compartment  g lasshouse wi th automat i c  day length contro l ,  the  p lants be ing brought out  dur ing the dayt ime on 

t ro l leys and returned at n ight  to a dark garage in which appropr iate day- length extens ions or  night breaks can be g iven.  

Th is  runs  a t  r ight  ang les  to  the  south end o f  the  cab inet  ha l l .  

F ig.  2 and 3 shows the arrangement of the cabinet hal l  and anci l lary rooms. The hal l  has forced 

vent i la t ion  to remove the excess heat  f rom the l ight  hous ings on each cab inet .  A i r  used fo r  th i s  vent i la t ion  i s  f i l te red 

free of dust and there is space in Front of the entry gril l for installing a chemical filter should this be necessary. Dur ing  

the winter  th i s  warm a i r  i s  used to heat  the o ther  rooms.  The g lyco l  (1°C) used fo r  ch i l l i ng the cab inets i s  i t se l f  coo led  

by a pa i r  o f  water -coo led re f r igera tors,  e i ther  o f  wh ich  i s  ab le to  deal wi th two-th i rds o f  the normal  requi rement. 

The cabinets are based on the design deve loped by the Nat iona l  inst i tute of Agr icu l tura l  Engi -

neering (1,2) and the illustrations are by the courtesy of the N.I.A.E. The plant space is entirely separate from the lamp 

housing and is suff ic ient ly gas r ight to permit the use of carbon dioxide concentrat ions other than atmospher ic.  

A l te rnat i ve ly  dampers  can be opened a l l owing  up to  7  changes  o f  a i r  w i th  the  ou ts ide .  F luo rescent  tubes  are  spec ia l ly  

arranged to g ive very high intens i t ies  wi th fac i l i t ies for programming ha l f the lamps thus : Day, Day and Night B reak ,  

N igh t  B reak ,  Independent  Day ,  Day  and  Independent  Day ,  Spa re  fo r  emergency  use  (3 ) .  Some o f  the  tubes  can be 

replaced by long thin rows of tungsten lamps, f i tt ing into the place of the f luorescent tube. These l ight contro l lers 

enable,  for example,  p lants  to  be grown in white l ight and given a red far- red reversa l  t reatment dur ing the n ight 

per iod. 

The total floor area of a cabinets is 20 sq.ft., there is an area of 16 sq.ft. (1.7 m2) over which the 

extremes of light intensity differ by less than 5 %and the working height is about four feet. The maximum light intensity at floor 

level is about 0,2 cal/cm2/min (14 m W/cm2 or about 3,000 f.c. white light). Temperature can be controlled in the range 5-

30°C with independent day and night levels. Humidity is controlled by dew point cooling, the actual minimum values depending 

on the dry bulb temperature viz. 7°C 80 % R.H., 13°C 60 %, 18-30°C 55 %. We have a system of sub-irrigation using 

plastic coated troughs into which the irrigating solution is pumped several times a day. Alternatively the troughs can be used as 

the basis of a capillary bench. 



 

he maximum power consumption of  a s ingle cabinet and i ts  ref r igerator (exc luding vent i lat ion 

o f  bu i ld ing)  i s  13  KVA.  The tota l  consumpt ion of  our  ins ta l la t ion  i s  about  200 KVA wh ich makes  i t  ex t remely  expen-

s ive to have a standby generator. For the whole load, we are planning a smal ler standby of 10 KVA to enable the ca-

binets to be kept in the same diurnal photoperiodic rhythm and to maintain al l the monitoring equipment, which com-

pr ises cont inuous recording of  temperature,  l ight and carbon diox ide concentrat ion in  a l l  cabinets . 

REFERENCE  . -  
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2 . -  Carpen te r ,  G .A . ,  Mau l s l ey ,  L i . ,  "A r t i f i c i a l  i l l um inat i on  o f  env i ronmen ta l  con t ro l  chambe rs  f o r  p l an t  g rowth" .  
J. Agr i c .  Engng.  Res . ,  1960 ,  5 ,  283 .  

3 . -  Carpenter  ,G .A ,  Mou ls ley ,  L . J . ,  Cot t re l l ,  P .A.  ,Sumrnerf ie ld ,  R . ,  "Fur ther  Aspects  o f  the  I l luminat ion  of  
plant growth chambers". In the press. 

D I S C U S S I O N  . -  

Prof. Lang : Can you te l l  us what is the working space for plants and the pr ice of one of your cabinets ? 

Dr Hughes : The working area is 20 sq.ft .  (x)  and the cost when avai lable  commercial ly is l ikely ro be E 2,500 - 
3 ,000 inc luding the ch i l led g lyco l  system.((x) 16 sq. f t .  wi th in 5 % of max imum l ight,  20 sq.  
f t .  w i th in  10  %of  max imum). 

Prof. Lang That is almost 10, 000 dollars. in the United States you can buy rooms which, as far I can tel l ,  perform 
at least most of your jobs for the pr ice of approximately 200 to 250 dol lars per sq.ft. ,  which 
works  out  at  about  4 ,000 dol lars .  Af te r  what  Dr  Koh ler  sa id th i s  would be  a case  where  I  
would be wondering myself  whether this effort would be real ly just i f ied. 

Mr Morr is  :I  would not agree wi th Prof .  Lang that the rooms to which he is  referr ing do the some as our cabinets .  i t  
is  possible to design a cabinet which looks very much l ike the ones i l lustrated for half  the pr ice 
or less. The cost i s  the result of the range of  control  provided, the intensity of the l ighting and 
the accuracy of control . I da not believe any room can have as good control as the cabinets at 
the same price. 
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THE PHYTOTR ON OF THE LABORATORY OF HORTICULTURE OF THE STATE AGRICULTURAL 

COLLEGE, WAGENINGEN .,Netherlands. 

by 

D r  J .  DOORENBOS ,  L abo ra t o r i um  voo r  Tu i nbouwp l an t e r t 4 e l t  -  Wagen i ngen .  

The Phyto tron o f  the Labora tory o f  Hor t i cu l ture  at  Wageningen ( f ig .  1) has been p lanned to s tu-

dy  t he  e f f e c t  o f  t he  env i r onmen t  i n  g rowth  and  deve l opmen t  o f  ho r t i cu l t u r a l  p l an t s ,  e . g .  t oma to ,  app l e ,  c a rna t i on  

and tu l ip .  Thi s  made i t  necessary  to  construct  rather  la rge  chambers.  The Phytot ron compr i ses s i x  a i r -cond i t ioned 

greenhouses ,  each w i th  a  sur face  o f  5  x 5 m,  s i x  g rowth chambers  o f  6  x  4  m,and a  he ight  o f  2 ,5  m,  and  s i x  dark  

rooms o f  4  x  4  m ( f ig .  2 ) .  i n  each room,  temperature  and a i r  humid i t y  can be cont ro l led .  Ten t imes  per  hour ,  a l l  

a i r  i s  rep laced by  outs ide  a i r .  I t  i s  not  poss ib le  to  cont ro l  the  CO2  conten t .  

The a i r  f low (onenaverage,  60  cm/sec . )  i s  ho r i zonta l .  In  the  greenhouses ,  i t  ente rs  through a  

s l i t  a long the  Eas tern  wa l l ,  about  60 cm above the  f loo r ,  and  i s  removed through a  s im i la r  s l i t  a long the  Weste rn  

wa l l .  In  the  o the r  growth chambers ,  the  a i r  en ter s  th rough  the  who le  o f  the  Eastern  wa l l  and i s  evacuated th rough 

the  oppos i te  wal l .  Both wal l s  are covered by ad justab le shut ters  ( f ig .  3) .  

The rooms are at  the moment kept  at  9,  12,  15,  18,  21 and 24 °C, in such a way that  one 

greenhouse,  one growth chamber and one dark room i s  kept  a t  each o f  these temperatures.  Other temperatures  are 

of  course possib le.  Each room has a constant temperature ; i f  a night temperature is required that d i f fers f rom the 

day  temperature,  the p lants a re  removed to another  room.  For  th i s  purpose ,  the p lants wi l l  be  grown on t ro l leys_ 

The growth chambers are i l luminated by 400 f luorescent tubes of  40 Watt,  which give a l ight 

i n tens i t y  o f  17 .000  tux  (52 .000  e rgs /cm 2 ,  s ec )  a t  bench  he igh t  (or 21 .000  l ux  a t  50  cm be low the  ce i l i ng ) .  Ph i l i p s  

TL 55 was chosen as this  type emits an apprec iab le amount of  far  red. 

The lamps have been instal led in an atr ium above the growth chambers, from which they are 

sepa ra ted by  a  g lass  ce i l i ng .  The  f rames can be ra i sed  1 ,5  m to  a l low subst i tu t ion  o f  l amps and c l ean ing  o f  the  

g lass panes.  In th i s  purpose ,  a  t ro l ley wi th room for  two technic ians  can r ide over the  g lass  ce i l i ng under  the ra i -

sed lamp frame (f ig .  4).  Once every three months one fourth of  the f luorescent tubes is subst i tuted by new ones. 

The hot air around the lamps is evacuated by six venti lators, one for each frame. These are 

thermostat ical ly control led. The fresh air  coming in from the outs ide passes through f i l ters which s ieve out dust and 

insec ts .  There  i s  no  chemica l  a i r  po l lu t ion i n  Wagen ingen.  

The tempera ture  in  the  s i x  a i r  cond i t ioned greenhouses can be cont ro l led  w i th in  the  same i i .  

m i l s  as  in the  growth chambers.  On sunny days in  summer,  however,  they cannot be  kept be low 15°C.  

Every  room has  i t s  own a i rcond i t i on ing equ ipment ,  wh ich  has  been ins ta l l ed  i n  the  ce l l a r .  The 

a i r  i s  coo led by  expans ion o f  F reon (excep t  i n  the  case  o f  the  three  rooms a t  24°C,  where  the  a i r  i s  wa ter  coo led ) .  I t  

i s  mo is tened  by  b lowing i t  over  the  sur face  o f  wa ter ,  the  tempera ture  o f  wh ich  cont ro l led  by  a  the rmosta t .  A l l  

equ ipment operates by  e lec t r ic i ty .  The Phyto tron uses about 2.2 mi l l i on kWh annua l ly .  For  the  Phytot ron a lone,  

a  t rans formator  o f  600 kVA had to  be ins ta l led .  



 

D I S C U S S I O N  . -  

Wo l f f  (V ienna)  What  i s  the  capac i t y  o f  your  coo l i ng  mach ine  ?  

Doorenbos : This var iesfrom 11.500 to 13.000 kcal/hour (dark chamber) 15.000 to 24.000 kcal/hour ( l ight cham-
bers) and 27.000 to 33.000 kcal/hour (greenhouses). 

Orchard (U. K.) : How uniform are your temperatures ? 

Doorenbos They are supposed to be + 1°C, but i t  is  too early to say with certainty that we can reach this in each 
room at every temperature. 

Orchard  (U.K . )  :What  range o f  humid i ty  have  you  ?  

Doorenbos : Range of humidity control was one of the things we had to sacrif ice if we wanted large sized rooms. Al l 
rooms are  now kept  a t  70  %.  We found tha t  we  c a n  go  as  h igh as  8 0  % ,  but  no t  h ighe r .  A  
lower humidity than 70 % is of course easi ly obtained. 
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N E W  C L I M A T I C  M E A S U R I N G  C H A M B E R S  F O R  P L A N T  P H Y S I O L O G I C A L  R E S E A R C H  

I  N T R O D U C T I O N  

b y  P r o f .  G e r t r au d  RE PP ,  U n i v e r s i t y  o f  V i e n na  . -  

Permi t  me to in t roduce br ie f l y  a  paper to be  presented by M.  Wol f ,  a  phys ic is t  who co l l aborated 

in the development of  a new type of Phytotron constructed in Austr ia.  

I  myse l f  am a  p lant  phys io log is t ,  my f ie ld  o f  concentrat ion be ing exper imenta l  eco logy,  today 

a l so  known as  "ecophys io logy" .  As  ecophys io log i ca l  f i e l d  work  i s  d i f f i cu l t  i n  v i ew o f  the  o f ten  ve ry  ex t reme c l ima-

t ic condit ions involved, c l imat ic chambers and phytotrons as developed in the recent past ore highly valuable tools 

faci l i tat ing our work. These chambers render possible exact mutt ifactorial experiments designed to study the ecophy-

s io log ica l  response of  p lants  to env i ronmenta l  cond i t ions,  even i f  these cond i t ions  are  as  ext reme as  are  encountered  

in  deser ts  o r  a t  the  t imber l i ne  o f  h igh mounta ins .  However ,  the  d i scuss ion rega rd ing  the  type o f  c l ima t i c  chamber  

best  su i ted fo rprac t ica lwork st i l l  cont inues :  wi l l  th i s  be the la rge phyto t ron permit t ing the sc ient i s t  to  walk in and 

carry out h is exper iments or  a smal l  chamber designed to house the plants only ,  which is cheaper in operat ion and 

eas i e r  i n  hand l i ng  ?  

Due to the invent ion o f  the in f rared absorpt ion wr i te r  (L i ras) ,  the ecophys io log i st  today has a t  

his disposal an excel lent self-registering instrument for taking rapid measurements of the transpirat ion and the assi -

mi la t ion,  and consequent ly  o f  the  product ion o f  p lants  in re la t ion to  the i r  env i ronmenta l  cond i t ions.  To  car ry  out  

these exper iments,  however,  i t  i s necessary to enc lose the plants or at  least  part  of  them in a socal led "cuvette".  

The c l ima te  i n  these sma l l  "cuvet tes"  d i f fe r  w ide ly  f rom the open a i r  cond i t i ons  under  wh ich the p lan ts  norma l l y  

grow.  Hence the prob lem of the  "cuvet te  c l imate"  s t i l l  occup ies  the  center  o f  d i scuss ion among ecophys io log i st s .  

Austr ian physic ists  at tempted to f ind a so lut ion cover ing both of  these problems by develop ing 

small  c l imatic chambers in which the plants not only can grow, but in which, with the help of the infrared absorp- . t ion 

writer, the assimilat ion and transpirat ion of plants can simultaneously be measured at every individual stage of 

development. Consequently, these cl imatic chambers not only constitute a king of smal l  cl imatized "growing room"  

(microphytotron uni t) ,  they also serve as  measur ing chambers render ing possible highly exact measurements. 

Wi th  the  he lp  o f  these chambers numerous  mut t i fac tor ia l  exper iments  can be car r ied  out ,  on 

the bas i s  o f  wh ich data per ta in ing to  the ecophys io log ica l  response o f  the p lants to  d i f ferent  env i ronmenta l  fac tors 

os  wel l  as to  the i r  res i s tance to ext reme c l imat i c  condi t ions can rap id ly  be obta ined.  

The number  o f  env i ronmenta l  factors  to  be contro l led  depends on the type o f  chamber  used.  So  

fa r  two types  have been deve loped under  Hans Mi l lendor fer ,  a  phys ic i s t  who star ted h i s  work at  the  we l l -known 

Patscherko fe l  Resea rch Cente r  fo r  the Reaf fo res ta t ion o f  H igh A lp ine  Reg ions  (The Ty ro l ,  Aus t r ia ) .  H i s  co l l abora tor  

M .  F r i ed r i ch  Wo l f  w i l l  now out l i ne  the  techn i ca l  p r i nc ip l es  under l y ing  these  two  types  o f  c l ima t i c  chamber s ,  wh i ch  

- i n  my op in ion-  a re  a  h igh l y  promis ing new deve lopment  in  the  f i e ld  o f  phy to t ron i cs .  





 

T E C H N I C A L  D E S C R I P T I O N  

by 

D r  F r i e d r i c h  WOL F ,  V i e n n a .  

The phytotrons and c l imat ized chambers ava i lab le so far were only designed wi th a v iew main-

ta i r . i na  a i r  t empera tu re ,  a i r  hum id i t y ,  and  l i gh t  a t  de te rm ined  va lues .  A f t e r  a  l onger  pe r i od  o f  g rowth  the  reac t i on  

o f  p lants to  these env i ronmenta l  fac tors  i s  examined.  Ass imi la t ion and transp i ra t ion  are measured wi th the  he lp o f  

var ious  methods  ava i lab le .  However ,  we  are  today no t  yet  in  the  pos i t ion to  de te rmine  the  to ta l  CO 2  and H2O ba-

lances  w i th in  a  shor t  per iod  o f  t ime,  e .g .  he  ba lances  per  hour ,  and s imul taneous l y  to  prov ide  fo r  on exact  regu la -

t ion o f  a l l  env i ronmenta l  fac to rs  invo l ved.  

I t  has been Fel t  than our knowledge of  the plants response to environmenta l  condi t ions wi l l  re-

main incomplete,  i f  the range of  var iable factors i s l imi ted to inc lude no more than ambient  a ir  temperature,  a i r  hu-

m i d i t y ,  and  l i g h t .  The r e f o r e ,  t h e  RUTHNER  PHYTOCYCLON  was  de s i gned  p r o v i d i ng ,  i n  add i t i o n  t o  t h e  f a c t o r s  

ment ioned,  fo r  a  cont ro l  o f  w ind ve loc i ty ,  so i l  t empera ture ,  so i l  mo is ture ,  and so i l  aera t ion (F ig .  1) .  

With the help of the Phytocyclon it has become possible to obtain data from assimilat ion and 

r ransp i ra ' io-  measurements  in a much shorter  t ime wi thout  in ter fer ing w i th  the def ined c l imat i c  cond i t ions o f  the 

p lant  and wi thout  des troy ing  the p lant  i t se l f  by determin ing i t s  dry mat ter  y ie ld .  

N o w  t o  t h e  R U T H N E R  P F I Y T O C Y C L O N ' s  t h e o r e t i c a l  F u n  d o t i o n  a n d  i t s  t e c h n i c a l  d a t a  

Sprout and root of the plant are treated separately in two closed c l imat ic c i rcuits,  the sprout in the socal led "green 

zone "  and  the  r oo t  i n  t he  " so i l  zone " .  There  they  a re  exposed  to  c i r cu la t i ng  a i r ,  whose  H 2 O and  CO 2  con ten ts  can  

be measured separate ly  as  we l l .  A  de f i ned a i r  f l ow (L )  w i th  a  CO2  o r  H 2 O water  ent rance concent ra t ion (5  0 )  i s  

c i rcu lated through these two c losed c i rcu i ts ,  the entrance concentrat ion being converted into the concentrat ion pre-

va i l ing wi th in the measur ing chamber (9 )  due to the ass imi lat ion,  resp irat ion (q),  and t ranspi rat ion (q ' )  of  the plant.  

The interre lat ions of  these Factors  are expressed by the fo l lowing d i f ferent ia l  equat ion : 

q  = (j , -ya) 

For assimilation and  respiration measurements the CO2 concentration of the fresh air as well as 

that  of  the a i r  in the test  chamber is cont inuous ly  recorded.  Diaphragm pumps feed samples of  fresh a i r  and of  the 
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air in the chamber into the CO2  gas analyser, which is connected with a 6-point-recorder.  

The same process is applied to measuring the respiration of roots in the soil  zone. 

When evaluating the recorder tapes, the quantity of fresh air measured is taken into acount. 

Consequently it is possible to read the assimilation (or respiration of roots) on the recorder tapes in g/sec with the 

he lp of  a spec ia l  l inear  scale. 

For measuring the  transpiration the dew point of the air in the test chamber is continuously re-

corded by means of a dew point detector. In order to record the dew point of the air coming from a dry bypass, a se-

cond detector is included for determining the difference between these two dew points. 

Evaluation is done in much the same way as for ass imi lat ion by neglect ing V : 

q '  =  L  ( z e t  p r i m e '  – z e t  p r i m e 0 )  

q'  corresponds to the emiss ion of vapour in g/sec, th is being a measure for transpirat ion, 

L '  be ing the measured quant i ty of  the a i r  c i rcu lat ing in  the bypass, 

z e t a  p r i m e  and zeta pr imeo indicat ing the absolute humidity at the front and rear end of a dr ier. 

So far the theoretical  foundation, and now the operat ional  process involved : 

The sprouts are introduced into "green zone" through apertures ensuring a gas t ight closure. 

Two blowers provide for the venti lat ion of the green zone, which consists of two ducts,  one duct being connected 

with the suction side of one fan and the other duct with the exhaust side of the second fan. This arrangement helps 

avoid the dead volume of the return ducts which is undesirable for gas analysis. Owing to a continuously variable 

speed control  of the blower motors, any wind veloci ty up to 100 km/h can be obtained. 

The dimensions of the green zone ore as follows : 

length   . . . .   2  m  
w i d t h   . . . . .   2  x  30  cm 
height 50 cm 

The  air temperature of the green zone is regulated by a control ler. L ike al l  regulators, th. . . i s  control ler is  equiped 

with two dials providing for a day and night adjustment of temperature. Two 50..A.platinum resistance thermometers 

located at each end of  the test zone serve as sensi t ive e lements .  The regulator  contro ls  a motor  valve and an e lec-

t r i ca l  heater  in  the cool ing l iqu id  c i rcu i t .  The l iqu id  passes  heat  exchanger  un i ts ,  which are  located in the a i r  c i rcu i t  

o f  the  green zone and which ,  owing to  the i r  spec ia l  des ign ,  operate  at  re la t ive ly  low temperature  d i f fe rences .  For 

al l  pract ical  purposes this avoids loss of water in the heat exchangers. For control l ing the  humidity in the green zone 

a dew point detector compares the dew point of the air  in the green zone with the regulated fresh air dew point. Via a 

measuring br idge and an ampl i f ier th is dew point detector actuates a control  valve. The latter controls the 

f low of air in a bypass, which air,  by means of blowers,  is passed over a refr igerat ing dr ier equipped with an automat i c  

de fros te r .  

The arrangements for the  irrigation of the green zone are such that by pressing an irrigation key 

water, nutrient solutions, or plant protecting substances are spread into the plants through special nozzles. 

The test chamber proper of the "soil zone" contains the pots or boxes for the plants. They are 

inserted through lateral openings, the sprouts being passed from the soil zone into the green zone through the upper 

diaphragm. 

Physio log ica l ly ,  a ir  condi t ion ing the test chamber proper of  the soi l  zone by means of  b lowers 

is  of  no importance ;  i t  i s  mere ly required for  c l imat iz ing the area.  Th is a i r  movement,  however,  must not be confu-

sed with the aerat ion of the soi l  i tself, which represents on essential  physiological  foctor.A special  unit in which the 

desired quanti ty of air  can be adjusted is provided for soi l aeration. 

The temperature control in the soi l  zone is similar to that of the green zone, corresponding 
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elements being used. What is controlled is the ambient air. Due to the air movement, the temperature differences 

between the air and the boxes or pots are rapidly balanced. 

The  soil moisture is controlled by a highly sensitive thermal detector opening a magnetic valve, 

so that water from a tank can be injected into the soi l  through spraying nozzles. 

Fresh air is supplied to both zones, the flow being manually adjusted for each of the zones se-

parately. Flow meters indicate the quanti ty. Owing to a pressure control  ensur ing uniform performance of the dia-

phragm pumps, the f low of  f resh a i r ,  once adjusted,  remains at a constant leve l .  The d iaphragm pumps in ject f resh  

a i r  unpo l lu ted by  o i l ,  e tc . . .  in to  the tes t  chamber .  The dew po in t  contro l  for  the  two zones  is  based on the contro l  

of  temperature at 100per cent saturat ion wi th water vapour.  With the he lp of  a mechanica l  contro l  va lve and an 

electr ical  heater the temperature regulator wi th the res istance thermometer controls the temperature of the humidi-

f ie r .  Ref r igerant pumps feed the  jacket o f  the  humidi f i e r  wi th  coo l ing l iqu id .  The la t te r  ensures  pur i f i cat ion  of  a i r  

the humidity of which is raised to 100 per cent. r. h. For dew points below 0°C an afterdrier is used. In this case the 

humidif ier is maintained at a temperature above 0°C. 

The value desired is ajusted by simply turning two knobs to the position indicating the desired 

value, which may be different for day and night. An automatic clack ensuring exact adjustment of switching times 

effects the change from day to night values and vice versa. 

The refrigerator and the tank containing the cooling liquid form a separate unit within the Phy-

tocyclon, which un it is  connected with the main body by an insulated pipe. For normal  c l imatic condit ions the re-

fr igerat ing unit has a capacity  of approximately 15.000 kcol/h of an evaporat ion temperature of-10°C. 

The Phytocyc lon  can be  adapted to  work wi th  ar t i f i c ia l  l i gh t  us ing XENON lamps ,  wh ich  so 

for most nearly approximate the solar spectrum. 

P H Y T O C Y C L O N  -  T E C H N I C A L  D A TA  :  

Wind velocity 0 - 100 km/Ii .  

Temperature of the green zone -  1 0 ° C   . . . . .   +  6 0 ° C  +  0 , 2 5 ° C  

Temperature of the soil zone - 10°C  .......  4  4 0 ° C  +  0 , 2 5 ° C  

Relative humidity above -4 10°C 1  0  p e r  c e n t  . . .  9 5 p . c  + 2  p . c . r . h .  

Relative humidity below + 10°C 2 0  p e r  c e n t  . . .  9 5 p . c .  +  2  p . c . r . h .  

Soil moisture 0 - 100 per cent of the capacity of water 

Soil aeration 0 -  1 l i ter/h and l i ter/volume of  the soi l  

Light 1 00.000 LUX max. 

A smal ler  un i t  des igned for  research work by RUTHNER is  the socal led  PHYTOBOX (f ig.2).  

The phytobox was intented to serve as an individual unit of a set of growth and measuring chambers (microphytotron 

unit). Due to the fact that data can be obtained most rapidly (production testing by measuring assimilation), the Phy-

tobox offers the possibi l i ty of carry ing out mult i factor ial  exper iments. 

In contrast to the Phytocyclon, assimilation1respiration as well  as transpiration measurements 

in the Phytobox are conf ined to the green zone. 

The principle underlying assimilation and respiration measurements remains unchanged, it is 

equal ly based on the above di f ferential  equation. Ass imi lat ion curves ore equal ly recorded by the gas analyser. To 

avoid any interference with the CO2 analysis, this chamber is  l ined with the same material as the Phytocyclon is, a 

mater ial  neither absorbing nor emitt ing CO2 .  

Transpiration, however, is measured by determining, in a graduated measuring glass, the quan- 
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thy o's water transpired by the plants within a certain period during the experiment. The Phvo. ox o• eis pdssioi- 

l i ly  of  regulat ing car  temperature,  a i r  humid i ty ,  so i l  temperature,  and the supply wi th a constant f resh a i r  quant i ty , 

the dew point of which is automatical ly control led over the entire temperature range of the chamber. Flexible tubes 

attached to the indiv idual plant containers provide for soi l  watering from outs ide of the chamber. Diaphragms ensure 

a gas tight closure, in order to prevent the air from penetrating the pots and entering into the chamber. 

The sl ight overpressure in the chamber first of all leads to a homogenization of the air in the 

chamber, and secondly it prevents the entrance of uncontrolled air from outside. Both of these factors are of vital 

importance for  measuring the CO 2  balance. 

Air  temperature and humidity are control led by a temperature regulator  and a dew point regula-

tor,  both of  which inf luence the temperature of  the cool ing l iqu id c i rcu i ts .  

By frequently c irculat ing the air of the chamber with the help of a fan i t is  poss ible to obtain 

the desired cl imate within a short period of t ime (half  an hour). In contrast to the Phytocyclon this fan provides for 

lower wind velocit ies only (either constant or  adjustable).  

The Phytobox has a measuring chamber surrounded by a double mantle of transparent and UV 

permeable material of 300 I. contents. It is suited for experiments with dayl ight os wel l as with artif icial l ight. For 

artif ic ial i l lumination four Mercury high pressure lamps are used, which provide for a continuous adjustment of the 

luminous inters i ty at  the p lants '  leve l .  These lamps can be switched on ind iv idual ly  and moved in a vert ica l  d i rec-

t ion. When using art i f ic ia l  l ight, the measuring chamber is darkened and a fan blows the heat off  the lamps. 

Regulation covers the fol lowing ranges for : 

Temperature -  1 0 ° C  . . .  8 0 ° C  +  0 , 2 5 ° C  

Humidity 10 per cent ...  95 per cent 2  per  cent .r .h .  

Air c i rcuit 300 times/hour 

Bath  the  PHYTOCYCLON and the  PHYTOBOX of fe r  a  w ide  range  of  poss ib i l i t i es  for  exper i -  

ments including : 

-Studies of photosynthesis 

- Analys is of CO 2  and H 2O balances under var iable environmental condit ions 

- Studies of planting methods 

- Rapid selection in plant breeding by comparative testing of resistance and production. 

The eff ic iency of the Phytocyclon and the Phytobox can be improved by us ing an analogous computer.  

Fig. 3 shows an assimilation curve for soy beans recorded in the Phytobox by gas analysis. The 

curve  (a s t ra ight  l ine)  -un in ter rupted on the  recorder  tape-  descr ibes  a contro l led a i r  vo lume enr i ched wi th  CO 2 .  

The second curve shows the assimilation activi ty of soy beans. 

Assimilation activity of plants in a dry substrate and, after moisturizing, in a moist substrate, 

markedly increases and reaches a maximum level,  when l ight exposure sets in. When l ight exposure is terminated, 

assimilation activi ty ceases and plant respiration starts, which respiration is recorded in the curve to the r ight of the 

fresh air curve. 

What resembles an exponential r ise and fal l  of the assimilation curve is due to the chamber vo-

lume, the ef fects  of  which cannot be exc luded. 

Waiting for the balanced phase requires a certain period of t ime during experiments, the duration 

of which is determined by the chamber volume and the supply with fresh air.  

The part of the above differential equation designated by the term V. dg/dt disappears, when 
ins tead  o f  neg le c t ing  the  chamber  vo lume  (V ) ,dg /d t  i s  reduced  to  O .  
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natural ly be extended to cover biological studies going for beyond the scope of phytotronics 

proper. By designing the Phytocyclon and the Phytobox we hope to have further contributed to overcoming another one 

of the technical obstacles barring the way to constructive research work in an important f ield of biology. 

0 

a o 

(II)  H. M1LLENDORFER and BORGHORST : Analogonverfahren be i  pf lanzenphys io logischen CO2-Messungen (Analo-
gous procedure in p lant phys iologica l  CO2 measurements).  Verbat im proceedings of  the Austr ian Academy of  the 
Ar ts  and Sc iences .  
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A  C R I T I C A L  C O M P A R I S O N  O F  V A R I O U S  T Y P E S  O F  P H Y T O T R O N S  

by 
(x) 

J  .P .  N ITSCH ,  Assoc ia te  D i re c to r  o f  the  Phy to t ron ,  G i f - su r -Yve t te ,  F rance .  

There  are  exact l y  15  yea rs  s i nce  the  f i r s t  t rue  phy to t ron was  ded ica ted a t  Pasadena,  in  June 

1949 (and s ince _ lames Bonner,  mak ing a pun on the word "phytot ron"co ined the word "phyto t ronics" ) .  I t  just  occu-

red to me that  among a l l  th is  d i s t inguished audience,  I  am the only  one who attended th is  ceremony.  This  I  say w i th  

a note of  sadness,  because the father  of phytotrons,  Prof.  F.W. Went,  i s  not  present  wi th us here. He would be much 

more  qua l i f i ed  than me to  speak  about  the  sub jec t  S ince  i t  so  happens  that  I  was  the  f i r s t  o f  th i s  g roup to  work  in  

the Pasadena phytotron, i t  is perhaps f i t t ing that I g ive a sort of review about how the f ie ld has developed s ince that 

t ime.  Th i s  I  w i l l  do  by  avo id ing  to  show another  de luge of p i c tures ,  but  by  t ry ing ,  on the  cont ra ry ,  to  th ink  about  

what is important in a phytotron.  

What  i s  impor tant  in  a  phy to t ron ? -You w i l l  g rant  me,  I  th ink ,  tha t  i t  i s  no t  the  bu i ld ing ,  howe-

ver  impressive and beaut i fu l .  Nor should one brag about how cost ly  h is phytotron is  (as a matter  of fact the a im is  to  

reduce the cost as much as possible).  But i t  is  the degree of control  over the var ious environmental  factors which is 

the impor tant  th ing in a phytot ron.  Le t  us  rev iew,  there fore,  wh ich  fac tors should  be contro l l ed and,  then,  compare 

the performances of various types of phytotrons. 

W H A T  F A C T O R S  S H O U L D  B E  C O N T R O L L E D  ?  

I . -  Nutr i t i on . -  The f i r s t  fac tor  wh ich shou ld ,  and  can ,  be  cont ro l l ed  i s  nut r i t i on.  A f te r  a l l ,  p lant  phys io logy  has  

now advanced to a stage where i t  i s poss ib le to  compose a synthet ic  medium on which one can grow any type of  

p lant .  

Th is  we have done a t  G i f ,  For  example.  A  standard  minera l  so lut ion  i s  produced in one part  o f  

the  bu i ld ing ,  s to red in a p las t i c  tank  o f  2 ,000 ga l lons  i n  capac i t y  and then d i s t r i buted i n  p la s t i c  p ipes  th roughou t  

the whole  phytotron,  in  the same manner as  i t  i s  c lone a t  Pasadena.  At  the  present  t ime,  we use about 500 ga l lons  

o f  th is  so lu t ion per  day,  but  the consumpt ion wi l l  r i se  when a l l  the fac i l i t ies  wi l l  be in use.  

Water is a problem with us. We pass it f i rst through a sand f i l ter, then deionize it over resins. 

However the modern housewives use detergents to wash clothes, and these detergents Flow into r ivers. The normal 

d r ink ing  wa te r  a t  G i l  comes  f rom the  Se i ne  r i v e r  and ,  a l though i t  has  been  f i l t e red ,  d i s i n fec ted  and  i s  pe r fec t l y  

safe to  dr ink,  i t  conta ins detergents which go through every Fi l ter  and every de ioniz ing column. We ore present ly 

t ry ing to tap a spr ing near the Phytotron in order to provide detergent- f ree water for  at  least  the nutr ient so lut ion. 

Another quest ion to be so lved was the mater ia l  for  support ing the roots .  I  have t r ied di f ferent 

types, inc lud ing g lass beads, which, when of the r ight s ize,  work reasonably wel l .  The aim was to obtain a medium 

wh i ch  cou ld  be  rep roduced  exac t l y  yea r  a f te r  yea r .  G rave l  can  be  va r i ab le ,  depend ing  on  wha t  pa r t  o f  t he  qua r r y  

i t  comes f rom. Bes ides we do not  have,  near Par i s ,  quar r ies  o f  s tones wi thout  l ime,  and Fonta ineb leau sand (which i s  

pure quartz) was found to pack badly .  Thus after var ious exper iments,  we are now using a specia l  type of  g lass 

(x )  ac tua l l y  :  D i rec to r  o f  Labora to ry  o f  P l u r i ce l l u l a r  Phys io logy ,  G i f - su r -Yve t te ,  F rance .  
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f iber  ca l led "Verrone" which g ives fai r ly  good resul ts .  I t  a l so e l iminates the necess i ty  of  s ter i l i z ing i t ,  as  i t  does 

not contain the insects and pathogens which may occur in gravel. Final ly, i t has the advantage of forming on intr icate 

matr ix which holds roots in place when plants are moved on trucks. In order to e l iminate the development of algae 

in the mass of the glass wool, we cover it with on inch of Vermicul ite which prevents l ight from penetrating into the 

rooting medium. 

We can also control the quantity of nutrient solution given to any pot by a device which operates 

an automat ic water ing system. To each pot goes a th in,  b lack (to prevent a lga l  growth), p last ic  tube, through which 

the solution drips at pre-determined times, and for the length of time desired. This system has been functioning 

sat is factor i ly  in  our "Supergreenhouses",  about which I  wi l l  speak later .  I t  i s  not eas i ly  adopted to p lants  which have 

to be moved in and out of rooms every day, as is done in phytotrons patterned after the Pasadena system. 

With these insta l lat ions i t  is  poss ib le to contro l  remarkably wel l  the nutr i t ional  factor  as far  

as  quant i ty ,  qual i ty and per iodic i ty are concerned. 

2.-  Composit ion of the air .-A second point which should be control led in a phytotron includes at least two aspects 

of the composition of the air,  namely (a) the removal of various particles or gases , (b) the CO2 content. 

The removal of dust part ic les, pol len grains, spores, insects, etc.. . ,  is  done at Pasadena by 

pass ing the a i r  through e lectr ic  prec ip i tators .  At Gi f ,  we f i l ter  the a i r mechanical ly through large "Poe lmon" paper 

f i l ters .  Just as  an indicat ion,  we use someth ing l ike 334,000 cubic meters  of  a i r  per  hour .  About 100,000 cubic meters 

of fresh air are taken from outside every hour. Some 140,000 cubic meters/hour are used to cool the lamps and bal lasts  

for  the rooms rece iv ing art i f i c ia l  l ight.  The ai r  should a lso be free from ozone (which can be generated by xenon arc 

lamps) and of smog (the example of the Pasadena phytotron has shown how important this later factor may be). 

Act ivated charcoal f i l ters  of f  smog very ef fect ive ly . 

The CO2 level ' of course, is important. However, I am not going to expand on this point, s ince our 
col leagues from the German phytotron at Rouisch-Holzhausen wil l  present a paper on this 
subject. 

3.-  Temperature .- Temperature is the factor which has been most careful ly control led in al l  phytotron. I t is gene-

ral ly maintained of the desired level  by adjust ing the temperature of the air,  so that, in th is, the rate of air movement 

becomes very important. From some of the results we have obtained at Gif ,  f  conclude that an air speed of half  a 

meter per second is not suff ic ient to remove calories fast enough under l ighting in order to prevent the formation of a 

dist inct temperature gradient from f loor to cei l ing.  

It is also important for one to be able to maintain the roots at a temperature different from 

that of the stem and leaves. This is general ly done by inserting the pots in a bath in which circulates water at the 

desired temperature. 

4.-  Light.- Light, of course, is a most important factor of plant l ife and should be carefully controlled as far as 

qua l i ty ,  in tens i ty ,  and per iodic i ty  are  concerned. 

a) L ight i tEml i t i  :  Qual i ty of l ight is a major i tem since white l ight is a mixture of radiat ions 

and since it is known that, if one separates the various wavelengths, one gets very different results depending on the 

wavelength used. One of the aims of art i f ic ial  l ighting has been to reproduce a spectrum which was more or less si-

mi lar to that of sunl ight.  To this effect a mixture of f luorescent tubes and of incandescent bulbs has been used in ma-

ny instances.  At Gi f ,  for  example,  we have 2,688 f luorescent tubes (Phi l ips  "double f lux" type,  125 watts) in ters-

persed with 7,560 smolt, 15 watt incandescent bulbs. The latter contr ibute the radiat ions above 700 1-rpt in which the 

f luorescent l ight is  def ic ient.  I should say that we have not determined what is  the opt imal  rat io of  incandescent to 

fluorescent lamps. 



 

Phytotrons should also be equipped with devices providing monochromatic l ight. Here the dif-

f iculty is to provide both puri ty of the spectral  region desired and intensity over a surface large enough to treat re-

lat ive ly  large p lants ' .  A spectrograph of  re lat ive ly  h igh energy is  under construct ion at G i l .  

b)  Intensi ty  :  The banksof  l ights which cover the ent i re  ce i l ing of  the art i f ic ia l ly  i l luminated 

rooms g ive  us  between 2 ,000 and 3,000 f t /c . ,  that  is  a  l i gh t  energy  of  3  to  4 ,5  watts  per square  foot  at  the  p lant  

level. This is sufficient to provide excellent growth for most species. For example we have raised from seed vigorous 

sunf lowers  which ,  a l though they  never  saw sunl ight ,  produced enormous f lowers .  On di f f i cu l ty  w i th  f la t  ce i l ings  is  

to obtain a uniform intensity in al l  parts of the room. Some phytotrons compensate for the decreasing intensity on the 

s ides by instal l ing extra lamps at the upper part of the vert ical  wal ls; th is is the case in the Japanese phytotron at 

Fukuoka.  O f  cou rse ,  a  h igh  wa l l  r e f le c t i v i ty  w i l l  improve  mat ters .  A lumin ium fo i l  i s  used  a t  Read ing fo r  th i s  pur -

pose. At Gif  we have white point. Another problem springs from the fact the l ight output of f luorescent tubes decreases 

with age. After the f irst thousand hours or so, the intensity given by the Phi l ips 125 watt tubes has decreased to about 

1/3 of i ts ini t ial  value. This is  a major headache for us, and we are aiming at a mixture of used and new tubes which wi l l  

g ive a constant l ight intens i ty  throughout the year. 

c) Periodicity : Another important feature of l ight, as far as plant growth is concerned, is its 

per iod ic i ty .  In  phytotron wh ich have large rooms l ike  that  at  Pasadena,  p lants  are p laced on t rucks  wh ich are  mo-

ved from one room to another at the proper t ime. If one uses only artif ic ial  l ight, one can just have is turned off  by 

means of automatic clocks. In the case of natural l ight, one needs some type of shutters, such as the ones used at 

Canberra to  darken smal l  cab inets  automat i ca l ly .  At  G i f ,  we have dev ised a sys tem of  a  much larger  s i ze  which  

darkens whole greenhouse compartments measur ing 10,75 x 3,60 meters, with a height of 3,50 m at the center. This 

is done by means of a metal l ic curtain which is rol led around a drum (outs ide the greenhouse) dur ing the day and 

which, at the proper time, is pul led to cover the top of the compartment. The sides are made l ight-tight by vertical 

sheets of metal  composed of several horizontal segments which, during the day, are housed side by side between the 

f loor and a height of about 1 m. A s imi lar system functions in the glass door. 

Final ly I should mention that we have instal led a special switchboard in the Gif phytotron in 

order to produce sunr ise and sunset- l ike effects by turning the art i f ic ia l  l ight on and off  gradual ly. I t is  not known 

yet i f  var iat ions in l ight intensi ty  of  th is  k ind have an apprec iable ef fect  upon plant growth. 

5 . -  Humid i ty  . -  The per fec t  con tro l  o f  humid i ty  i s  d i f f i cu l t  te chn ica l l y  and ,  consequen t ly ,  ve ry  cos t ly ,  a t  leas t  in  

a large room. One wonders i f  i t  is  worthwhi le  to spend large sums of  money when one knows that the humidi ty  of  the 

a i r  has  on ly  a  s l ight  in f luence on p lant  growth as long as they watered proper ly .  The fact  that  one can grow beaut i -

ful tomatoes, lettuce and even strawberries in the Sahara Desert exemplifies this point. However the development of 

pathogens,  both fungi  and insects ,  is  very dependent upon ai r  humidi ty . I f  one wants to study pathogens,  he wi l l  have 

to control  th is factor in some manner ; but i f  one excludes pathogens from his phytotron, the maintenance of on ave-

rage value of 50-70 % relat ive humidity, as done at Pasadena, f i l ls  most purposes. 

6 . -  Rain . -  A factor  which is  l inked with huknid i ty  is  ra in,  which can be s imulated re lat ive ly  eas i ly  wi th var ious ty-

pes of overhead spr inklers. A point to watch is the composit ion of the water. 

7 . -  Wind The study of wind may be of great pract ical  importance, and so i t  is  pursued at places l ike Fukuoka 

(Japan). Funnels producing winds of measured velocities and of variable orientations are used to study the effects of 

typhoons. 

8 . -  Gravity .6rav i ty is  an important factor in  p lant growth and deve lopment. So for ,  i t  has been studied most ly  with 
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the help of klinostats in which the centrifugal force interferes with that of gravity. The best place to investigate the effects of the 

absence of gravity will be, of course, the space ships. 

9.- Freedom from diseases .- If one wants to study the effects which environment has upon plant development as such, one wants to 

eliminate the interference of parasites of all kinds. This was well emphasized by Went who established in the Pasadena phytotron 

a strict policy of disinfecting the building, the artificial soil, and all instruments, and of making people who enter the phytotron 

change their outer clothing. Of course another method is to hove a regular spray program, but red spiders become resistant to 

sprays, and residues may interfere with some types of experiments. Thus, policies which prevent infestations are always favored over 

those which try to combat them, once they have started. 

TYPES OF PHYTOTRONS 

After the enumeration of the various factors which should or could be controlled and which will be taken 

up again in our discussions during these two days, may I now turn to the various answers which have been given to the different 

problems. To me, there has been three fundamental types of phytotrons so for, although this, of course, is simplifying things very 

much. These types are : (1) the large room type, of which the Pasadena phytotron is the first example ; (2) the small cabinet type 

which has been developed in such an outstanding way at Canberra, and (3) the supergreenhouse type such as the one which has 

been functioning at Gif for about three years now. 

I think I can give a sort of appraisal of these three types because it turns out that we have all of them 

together at Gif. Comparisons made between the Gif examples may be more valid than those which could be attempted between 

Pasadena and Canberra, for example, as certain factors such as cost of labor, materials or power may be very different in different 

countries. Therefore I hope you will excuse me if I base my discussion upon what we have at Gif. 

I.-  The large room  

Principle : The first type of phytotron, realized initially at Pasadena, consists of a series of rooms which 

are all similar except for one variable at a time, namely generally temperature or light. Each room has its own machinery which 

provides constant conditions in general. Variations are provided by moving the plants from one environment to the other. Thus 

with a relatively limited number of rooms, one can obtain a large number of possible combinations. 

Technical features : Temperature is kept at the desired value by conditioning the air and changing it 

rapidly (about two volumes per min.). The mass of air enters the room through the whole floor surface at both Pasadena and Gif, then 

rises vertically, to leave the room through openings placed as high as possible on the side wails. This air is reconditioned in 

temperature and humidity, a certain percentage of new air added to it, and the cycle recommences. 

In the case of rooms lighted with artificial light, we have made measurements of the air temperatures or 

various levels, using a Model 60 Anemotherm Air rWter (manufactured by the Anemostat Corporation of America, Scranton, 

Pennsylvania). Lets take the example of one of our rooms which is mainbined at a constant temperature of 17°C. At 10 cm above the 

floor, the temperature was 14°, at 60 cm it was 15° and in the zone comprised between 1.1 m and 1.5 m, it was 17°. This is, of 

course, the zone in which we have the plants, our trucks being 1 m high. But as plants become taller, they grow out of this 

zone. About 10 cm below the sheet of glass which separates the bank of lights from the growth room, the temperature reached 

21°C. If we lower the plant, as can be done 



 

with trucks which have adjustable platforms, we place the roots in a zone chich is cooler than 17°. In short, if plants are less 

than 40 cm tall, they can be grown at the specified temperature ; but, if they are taller, some ports of the plants are not at the 

required temperature. The presence of such a gradient in temperature between florr and 

ceiling is due to a relatively law air velocity 0.5 - 0.3 m/sec. I think that we could decrease the temperature gradient if we 
could increase the air velocity. 

The banks of lights are conditionned independently with dry air, which keeps the fluorescent tubes 

operating in the temperature range where light output is at a maximum. 

Advantages : Phytotrons with large rooms in which plants are moved according to the conditions required 

offer the possibility of many different, simultaneous combinations. This seems to be their main advantage. 

Disadvantages : In addition to the presence of temperature gradients (which is rather serious in the case of 

large plants), there is the danger of fight leaks because, both at Pasadena and at Gif each room with artifiol light has been divided 

into compartments with different light regimes. Partitions between these compartments are opened every day and, if the 

gardeners do not always close them carefully, light leaks may ruin some photoperiodic experiments. 

The problem of moving the plants twice a day is also a real one. Firstly it requires a large manpower every 

day, on holidays as well as on work days. Secondly, in practice, there are lots of plants to move at the same time, so that 

gardeners have to go fast, pushing strings of trucks together. In this process, roots are shaken up, and the leaves of large plants are 

bruised. Then, of course, these movements are subject to human error ; somebody 

can make a mistake and wheel a truck into the wrong room. Unless you ore told about it, you may never know what has happened to your 
experiment. 

Finally, I feel that there is a lack of flexibility in the large room system. Because of their size, these rooms 

are naturally used for more than one experiment at a time and by more than one worker. This means that they have to be set at an 

arbitrary temperature : this room at 12°C, for example, the next one at 15°, if someone wants 13°, well one can't give it to him, 

and he has to be content with the nearest available temperature. 

2.- The cabinet type .- 

Principle : Phytotrons of the cabinet type operate with a large number of small, independent units. The 

best example of o large phytotron built on th is principle is the CERES of Canberra. In this phytotron a lot effort has been devoted 

topracticaland economical considerations such as the storage of solar heat in the form of calories transferred to a pool of water, 

etc... 

Technical features : At Canberra the cabinets are placed in greenhouses in which the temperature is 

maintained above the highest temperature desired in anyone of the cabinets. The cabinets themselves ore equipped only with 

refrigeration which brings their temperature down to the desired level. They are also equipped with automatic shutters and a few light 

bulbs for daylength control. Because theydo not possess any heating elements, the Canberra cabinets are not fully independent. 

At Gif, on the other hand, I hod made a series of completely independent cabinets which I call 

"microphytotrons". They are completely autonomous in that they can heat, cool and humidify the air, water the plants with 

nutrient solution, turn on and off the lights as well as automatic shutters. All they need is to be plugged into an electrical outlet. 

Measurements made inside have revealed that the temperature gradient is suprisingly 

in the order of + 0,5°C from the set temperature. This is probably because of a high air velocity (between 0,5 to 1,5 m/sec.) 

and perhaps also because the air sweeps the plants horizontally, which is a more natural way than ascending vertically from below. 

With the lighted panels we have, the light intensity is good, from 1,500 to 3,700 fic 
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that is a l ight energy of 2,25 to 5,55 watts per square Foot. The automatic watering system is a wonderful  feature. 

The reservoir has to be f i l led every three days, which means that these units can work over the week-ends without 

any gardener. 

Advantages : The advantages of small cabinets are numerous : 

a)  reduct ion of  the temperature gradient,  as  is  the case wi th our microphytotrons ;  

b)  complete automat ion (no personnel  necessary on hol idays,  at  least  for the microphytotron type) ;  

c)  greater flexibil i ty : research workers can set the temperature cycles they want ; when they are through with the ex-

periment, other research workers can take over ; 

d)  case of maintenance : when one unit breaks down, one puts the plants in another unit, whi le the f irst one is being 

repaired ; in phytotrons of the large room type one may hove to close down a whole room or even the whole phytotron, 

thus interrupting many research projects ; 

e)  poss ib i l i ty  of  having a s tand-by,  e lectr ica l  generator in  case of  power fa i lure ;  the CNRS has never agreed to g ive 

us one for the whole Gif  phytotron, because i t would be too cost ly ;  

f )  possibi l i ty of control l ing the composition of the air ; in large rooms in which people go in and out and from which 

plants are wheeled in and out twice every day, an accurate control  of the composit ion of the atmosphere is not pos-

sible ; 

g)  reduction in the number of personnel, especial ly on hol idays which are always a headache in phytotrons of the 

large room type ; 

h)  reduction in the running costs (e lectr ic i ty, etc.. .) : large room type phytotrons have to be kept running whether 

there are 500 plants in a room or 5 ; small cabinets con be turned off  when not in use. 

Disadvantages :It is mainly one of size. The cabinets are usual ly small , perhaps 3-4 feet i  n 

he ight,  3-4 feet in width and 6 feet in  length.  I f  one wants to s tudy trees,  or  maize,  or  surgorcane, past the seed-

l ing s tage, they cannot be used. However ta l ler  un i ts  have been bui l t  for  these purposes at var ious p laces,  for exam-

ple at Canberra, at  the Sugar Research Inst i tute at Honolulu or even, in the form of non-mobi le "phytotronettes" at 

Kyoto Univers i ty .  

3.- The Supergreenhouse type .- 

The third type is what I cal l  "Supergreenhouse" because i t is  just that a greenhouse which is 

much more than an ordinary one, in that i t  has temperature control ,  doylength control  and automatic feeding. 

In the supergreenhouses which we have constructed at G i f ,  the a i r  is  in jected vert ica l ly  a long,  

the lateral parti t ions of each of the 10,75 m x 3,60,compartments. The air r ises to the cei l ing and then comes down, 

mixing very well  unti l  i t  reaches the evacuation openings which are located on the f loor,  under the benches . This 

d ispos i t ion has g iven us a good dis tr ibut ion of  the temperature,  wi th less  than a 2°C gradient around the p lants  in 

mid-summer,  when the sky is  overcast.  When the sun is  shin ing, d i f ferences may be greater .  The a i r  ve loc i ty  around 

the plants var ies from 0,3 to 0,7 rnfsec. 

In regions of the world where natural  humidity is low, the air  may be cooled very cheaply by 

the evaporative cool ing obtained with the moist pad and fan technique which is much in use in the United States. 

At  G i f  we are exper iment ing with heat-absorbing g lass .  A brand ca l l  "Ombral"  which absorbs 

most of  the infra-red radiat ions is  used for the top of  the greenhouse, the s ides being equipped with normal g loss . 

The Ombral  g lass  gets  warm, of  course,  and should be cooled wi th a f low of  water .  When th is  was done in exper i -

mental 1 x 1 m boxes, a reduction of 10°C in the inside temperature was recorded os compared with the temperature 

obta ined ins ide a s im i lar  box ,  covered wi th normal ,  uncoo led g lass .  The Ombral  g lass  a lso cuts  down some of  the 

red radiation, however, so that it is perhaps not the perfect material yet for glasshouses. 



 

Our supergreenhouses are equipped with the large, external, automatic shutters which I hove 

mentioned at the beginning,with the automatic system which delivers to each pot the measured amount of nutrient so-

lution, as well as with benches for mist propagation. 

Advantages :-  They include :  law cost of  operat ion ;  the fact  that large p lants  can be grown, 

as there is space (as compared with the cabinets) and no nOving of plants (as in the large-roorrrphytotron type) ; the 

poss ib i l i ty  of  insta l l ing an automat ic  d is tr ibut ion of  nutr ient so lut ion ;  the easy c lean ing of the f loors ,  s ince the a ir  

is not insuff lated through them. 

Disadvantages .-  The precis ion of temperature control  is fess than in true phytotrons, especial ly  

i f  one does not use a machinery as expens ive as that of  a phytotron.  L ight ing,  of  course,  i s  that prov ided by the sun 

under local  c l imatic condi t ions, but supplementary lamps can be added, as has been done at Gi f  to lengthen the days 

in winter.  

- L'expose oral s'est prolonge par une discussion relative aux prix de creation et de fonction-
nement de diverses sortes de phytotrons dont les donnees numeriques sont minter-Kul perimees et ne correspondent 
plus a la real ise actuel le. 

CONCLUS IONS  

In conclusion may I say that a well -balanced phytotron should real ly have as least two of the 

three types I have mentioned. It needs supergreenhouses for two main purposes, manely (o) to house the prel imina-

ry experiments, and (b) to raise plants up to the size and the physiological state at which they wil l be used for ex-

per iments  in  the phytotron. i t  needs cabinets  in  order to do the cr i t i ca l  exper iments or  large,  fu l ly-condi t ioned 

rooms, the former being more f lexible in accomodoting workers who need odd temperatures or periodicit ies. Phytotrans 

which large rooms are hard to manage For two reasons :t:r) the constant movement of plants and (b) the fact that running 

costs are the same, whether there are many or just a few plants in the rooms. For good management these rooms 

should always be Fi l led to capacity with very worthwhile experiments. After my experience with the Gif phytotron, if I 

had to bui ld o new phytotron, I would have supergreenhouse and cabinets. This is precisely the solution which has 

been adopted at Canberra. With such a combinat ion,  one can do pract ical ly al l  the usual exper iments economical ly. 

D ISCUSS ION  

Frankel .-I  th ink you wi l l  agree this review was wel l  worth the t ime that i t  took, and we are very grateful  to Doctor  
, ' l i tsch for having made i t .  He has given us in a very useful  way the three main types of phytotrons and, I th ink, to 
many of us the supergreenhause, which few of us have seen, was the real  novelty in th is speech. 
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T H E  P H Y T O T R O N  I N  R A U I S C H - H O L Z H A U S E N . - T E C H N I C A L  D E T A I L S  A N D  E X P E R I E N C E S  

by 

D r .  B .  B R E T S C H N E I D E R - H E R R M A N N  

f rom the  i ns t i t u t e  o f  P l an t -B reed ing  and  P lan t -Cu l t i va t i on  o f  t he  Jus tus  L i eb ig -Un ive r s i t y  o f  

G i e s s e n  -  D i r e c t o r  :  P r o f .  D r  E . V .  B O G U SL A W SK I .  

The  phy t o t r on  o f  t h e  I n s t i t u t e  o f  P l a n t - b r eed i ng  and  P l an t - c u l t i v a t i o n  o f  t h e  Un i v e r s i t y  o f  

G iessen has been ser running in 1961. S ince severa l  exper iments have been carr ied out and they brought valuab le ex-

per iences not  only  wi th regard to reac t ions  o f  p lants  on c l imate cond i t ions but  a l so  to  technica l  funct ions  o f  the ma-

ch inery and to  the  usefu lness  o f  the const ruc t ion in genera l .  So  i t  seems worthfu l  to  g ive a short  descr ip t ion o f  the 

phytotron and to note some spec ia l  technica l  prob lems.  

The phyto t ron h -as  e ight  c l ima te- rooms and two  co ld- rooms .  The c l ima te - rooms are  to  regu la te  

in prac t i ca l  use in  temperature  f rom + 4 to + 40°C,  in the  re la t ive humid i ty  o f  the  a i r  f rom 55 to  96 %, i n  a  cer ta in  

way  in  a r t i f i c i a l  l i ght  up  to  35 .000  Lx and i n  four  chambers  w ind up  to  4 ,0  r r i / sec .  can be made.  In  four  chambers  

f i na l l y  t he  CO  - concen t r a t i on  o f  t he  a i r  c an  be  con t ro l l ed  and  r egu l a t ed  f r om no rma l  up  t o  3 ,00  Vo l .  %-  The  two  

co ld - rooms have  a  coo l i ng -system on ly  and tempera tu res  o f  -20°C can be reached and kep t  constant .  I t  i s  no t  poss i -

b le to cul t ivate p lants  in  the co ld-rooms for longer per iods because there i s g iven no poss ib i l i ty  for suff i c ient l ight-

in tens i t ie s .  

A  g round  f l oo r  p l an  i s  g i ven  i n  F i g .  1 .  In  t he  cen te r  o f  t he  phy to t r on  two  rows  o f  each  f ou r  

chamber s  s i de  by  s ide  a re  cons t ruc ted .  They  o l l  have  a  jo in t  co r r i do r  f rom wh i ch  the  rooms  a re  t o  en te r .  The  one  end  

of  the corr idor  i s en larged to the  contro l - room, which takes up the switch-boxes with panels to contro l  the whole a i r-

cond i t ion ing sys tem (F ig .  2 ) .  Bes ide  th i s  room a re  the  two co ld - rooms,  wh ich  are  to  ente r  f rom the p repara t ion-and 

harvest -a rea .  Each beh ind the  two rows o f  chambers  i s  a  co r r idor ,  wh ich  takes  up the techn ica l  equ ipment  fo r  a i r -

cond i t i on ing  (F i g .  3 ) .  These  two  co r r i do r s  on  the i r  ends  have  a  connec t i on ,  f rom wh i ch  one  door  l eads  ou t s ide  and  

another  i s  to enter  the bo i ler - room. The labora tor ies in the upper F loor  and the outs ide pots ta t ion as  wel l  as the sand-

and so i l -  b ins  a re  to  ente r  f rom the p repara t ion-a rea .  

Th is  const ruc t ion in the  f i r s t  four  years o f  pract ica l  work  has proved as a good one in genera l .  

Espec ia l l y  t he  p l ace  o f  t he  sw i t ch -boa rds  and  con t ro l -pane l s  seems to  be  the  bes t  fo r  t he re  i s  no  d i f f i cu l t y  to  reach  

the chambers or  the mach inery in  the outer  cor r idors on a shor t  way.  This  o f ten i s  necessary when contro l -works are  

go ing  on  o r  b reakdowns  a re  to  repa i r .  On  the  o the r  hand  mach i ne ry  i t se l f  t a kes  no  p lace  the re  whe re  i t  i s  necessa ry  

to  serve the p lant -pots.  But  i t  i s  to  remark  that  cor r idors  and rooms for  machinery  should  not  be too t ight  in  const ruc-

t ion,  because there  shou ld  be spaces  fo r  improvements .  Techn ica l  deve lopement  goes  fo reword and shou ld  be rea l i zed  

in  the  phy to t ron  to  keep  i t  up - to -da te .  In  t h i s  phy to t ron  he re  i s  s ca rce l y  any  p lace  i n  the  con t ro l - room o r  i n  t he  cen '  

t ra l  co r r idor  to  i ns ta l l  e .g .  on add i t iona l  recorder .  Dressmak ing o f  the  wa l l s  a round the  techn i cs  was  near l y  too  pe r fekt  

to spare money. 

The  c on s t r u c t i on  o f  a  c hambe r  and  t h e  p r i n c i p l e  o f  a i r - c ond i t i o n i ng  i s  s hown  i n  F i g .  4 .  E a ch  

room i s  3 ,00 m.  long,  2 ,25 m wide and 2 ,40  m h igh .  The a i r  en te rs  the  room f rom the F loor  made by  per fo ra ted s ta in -

less  s tee l .  The tops  o f  the  whee led  tab les ,  wh ich  are  to  vary  in  he ight ,  a re  made  o f  w i re-gauze  and a l low the  a i r  to  
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pass pots  and p lants  vert ica l ly .  The a i r  leaves the chamber for  recondit ion ing by two return-a i r -ducts  f ixed in  the  

long corners of the room. The air-ducts join on the backside of the chamber and here a fan presses the air  into the 

a i r -condi t ioner , where i t  i s  cooled and dr ied.  Now the a i r  passes the steam-heater  and the e lectr ic -heater .  The latter 

only comes automatical ly in action if there is a break-down of steam supply. At last steam regulated by solenoid valves 

is given to the air to reach the wonted humidity. Now the air enters a room under the perforated steel-f loor, where i t  is 

set into rotat ion and equal ly distr ibuted before enter ing the cl imate-room again. 

The  inso lat ion of the chambers is  from spec ia l  cork,  fastened wi th b i tumen. An alumin ium-

foi l  is useful as vapour-barrier. Final ly the walls are formed by a concrete layer on which whitecoloured plates of 

"Eternit" are f ixed. 

The ve loc i ty  of  the  a i r  in  the  chambers  i s  0 ,1  -  0 ,2  %/sec.  That  means  a change and recond i -

t ioning of the air  three t imes in one minute. The loss of air  by c irculat ion is about 5 %, which is compensated from 

outs ide a i r  in  a spec ia l  duct.  A damper makes i t  poss ible to mix Fresh a i r into the c i rcu lat ing f rom 5-100%as wanted.  

Higher air veloci t ies can be produced in four chambers by a fan fixed inside the chambers on 

the wall  (secondary air  ci rculation). The fans, two in each chamber, may be changed in i ts posit ion depending on 

height of plant-growth. Each chamber is equipped wi th two wheeled tables with a surface of 0,65 x 1,70 m. each. 

They can take up 24 "Mitscherl ichpots", size 1, or adequate numbers of pots with another size. As said before the 

table-tops can be var ied in height that growing plants always are kept in  the same distance from the l ight sources 

(s .  F ig .  5 ) .  

The lamps ,  f ixed in ref lectors  as shown in f ig.  6 ,  are insta l led on l i t t le  cars ,  which can be 

drawn out of the lamp rooms for cleaning or repair. A l id prevents l ight from shining into the central  corridor or from 

here into other chambers. The lamp room is separated from the cl imate chambers by "Thermopane" -  glass (that are 

two panes of 5 mm glass with dr ied air between) to prevent heat from the chambers. A fan switched by 

thermostates is  cool ing the lamps by tak ing warm ai r  f rom the outer corr idors (s .  F ig.  4) over the lamps to 

outs ide.  The d is tr ibut ion of l ight on the tables in I m distance from the l ight sources is not ful ly equal.  For this 

reason the pots dai ly have to be changed in their  posit ion, which has a throughoutly sat isfy ing effect. 

The type of lamps used are Mercury high pressure lamps with fluorescent ("Philips HPL). From 

these 6 lamps of  400 W and 2 of  250 W ore insta l led.  They g ive an overage intensi ty  of  20.000 Lx on the table in 

1 m distance, when lamps are new ones. 

As the therrnopanes have nearly the some surface as the tables l ight intensity decreases to the 

table edges and i t  would be better to have a l ighting area of  the whole cei l ing of the chamber. But th is would mean 

more lamps, stronger compressors for cooling and last not least for more expensive experiments, so that changing the 

place of pots daily seems to be a more economic way. 

Experiments showed that 20.000 Lx for cereals seems to be a l imit to get yields of yel low ripe 

plants, which can be compared in their height with yields of the pot-stat ion outside. Development and growth of the 

plants are 'normal".  To have a possibi l i ty for  exper iments with other and higher l ight intensit ies two technical  pos-

s ib i l i t ies  were real ized :  

1.-  Use of stronger lamps (700 W instead of 400 W and 400 W instead of 250 W). The result 

was at f i rs t  36.000 Lx in  average on the table-top in I  m dis tance from the lamps. Now the y ie ld of  oats  was h igher 

as ever found under outs ide condit ions. But i t  is  not possible to instal l  these stronger lamps in al l  chambers for tech-

nical reasons (heat radiation bec',mes so high that machinery does not cool the air down to lowest warranted temperatures 

when l ight is on and other technical  di f f icult ies).  

2.-  The 400 W and 250 W lamps were used with 500 and 300 W ballasts. In this case with a new 

set of lamps an intensity of 26.000 Lx was found on the table top (1 m distance). The problem is complicated by the 

decrease of l ight- intensity with the number of working hours of the lamps as i t  is shown in f ig. 7. The values were 



 

f o und  when  i n  t h e  beg i nn i ng  o f  a n  e x pe r imen t  w i t h  o a t s  n ew  s e t s  o f  l amps  i n  a l l  8  c hambe r s  we r e  u s ed .  L i g h t  i n t en -

s i t y  d e c r e a s e d  a f t e r  a b o u t  8 0 0  h o u r s  f o r  ab o u t  2 0  % an d  m o r e .  T h a t  l a mp s ,  w h i c h  h ad  g i v e n  i n  t h e  b e g i n i n g  2 6 . 0 0 0  

Lx  a t  t h i s  t ime  g ave  20 . 000  Lx  and  t h i s  we  had  f ound  t o  be  a  l im i t  Fo r  " su f f i c i en t "  y i e l d s .  

T h e  r e g u l a t i o n  o f  C O2  - o v e r  a  r a n g e  f r o m  0 , 0 3  -  3 . 0 0  V o l .  %  i s  m a d e  b y  w a y  o f  m e a s u r i n g  

t h e  c on c en t r a t i o n  o f  CO 2  i n  t h e  a i r  w i t h  two  "U r a s "  (U l t r a - r ed -Ab so r p t i o n  mea su r i n g )  ( F i g .  8 ) .  The  "U r a s "  g i v e s  r e -

l i ab l e  va l u es  o f  h i g h  exa c tnes s  t o  a  mov ing - co i l  s y s t em.  F rom he r e  a  so l eno id - va l ve  i s  opened  when  t he  f o und  con -

cent ra t i on  o f  CO 2  i s  l ower  t han  the  t heo re t i c  v a l ue  and  CO 2  i s  g i v en  to  t he  a i r  on  t he  some way  l i k e  wa te r  vapo r  f o r  

hum id i t y .  

A t  t he  some t ime t he  va lues  f ound  by  the  "U rns"  a r e  wr i t t en  down by  a  mu l t i co lour  r eco rder  f o r  

con t ro l l i ng .  I f  t he  des i r ed  va l u es  a r e  no t  r e ached  t he  t ime  o f  open ing  t he  so l eno id - v a l v es  can  be  ex t ended .  The  mea -

su r i ng  e r r o r  o f  t he  "U ra s "  i s  1 /10  o f  t he  measu r i ng  r ange .  The  r egu l a t i on  e r r o r  i s  F i v e fo l d  t h e  mea su r i ng  e r r o r .  

The  tempera tu re  i s  measured  by  p lat inum res i s tance  thermomoters  and the  a i r  humid i ty  by  ha i r  

h y g r ome t e r s  b o t h  f i x ed  on  t he  t ab l e s  b e tween  t he  p l a n t s .  T hey  o r e  t e l e t r an sm i t t e r s  and  g i v e  t h e i r  mea s u r i n g - r e s u l t s  

t o  c on t r o l l e r s  i n  t h e  c on t r o l  r o om .  The  e x a c t ne s s  o f  t empe r a t u r e  r e gu l a t i o n  i s  +  0 , 5 °C ,  o f  r e l a t i v e  hum i d i t y  +  5 , 0  %.  

The  d i ag ram o f  f i g .  9  g i v e s  a  good  imp re s s i o n  o f  t he  e xac tnes s  o f  t h e  t empe r a tu re  and  hum id i t y  r egu l a t i o n .  

The r e  a r e  no  p rog r am con t ro l l e r s  w i t h  co r ns ,  bu t  two  v a l u es  b r  t empe r a tu re  and  two  f o r  hum id i -

t y  can  be  chosen  and  b ecome  e f f e c t i v e  by  way  o f  t ime  sw i t c h - c l o ck  one  a f t e r  ano t he r .  Thus  a  c l ima t e  w i t h  one  t em-

pe r a t u r e  and  hum i d i t y  f o r  t h e  d a y  a nd  one  f o r  t h e  n i g h t  c an  b e  r egu l a t e d  au t oma t i c a l l y .  L i g h t  i s  sw i t c hed  on  and  o f f  

b y  s w i t c h - c l o c k s  t o o .  

T he  phy t o t r on  i s  k ep t  r unn i ng  by o i l  c od  e l e c t r i c  en e r g i e .  I f  t h e r e  i s  a  b r e akdown  o f  o i l  o r  e l e c -

t r i c  s u p p l y ,  i t  i s  p o s s i b l e  i n  t h e  f i r s t  c a s e  t o  w o r k  o n  o n l y  w i t h  e l e c t r i c  e n e r g i e ,  b e c a u s e  t h e r e  a r e  a d d i t i o n a l  e l e c -

t r i c  h e a t e r s  a nd  an  e l e c t r i c  b o i l e r  p r o d u c e s  s t e a m  f o r  h u m i d i t y .  O n  t h e  o t h e r  h a n d  a  e m e r g e n c y  e n g i n e  w i t h  g e n e r a t o r  

c an  p r oduc e  e l e c t r i c i t y  t o  make  t he  phy t o t r on  i nd epen den t  f r om  t he  e l e c t r i c  n e two r k - s upp l y .  

A  c omp l i c a t ed  a l a r m - s y s t em  g i v e s  op t i c a l  a nd  a cous t i c  s i g na l s  i f  a n y  t e ch n i c a l  t r o ub l e  i s  g o i ng  

on. 
0 

0 0 



 

 

._C 
• U_
7 
O
ce 
C0



-C
0-

(1) 
_C 

0 

0

0

0 
7 

4:5 

O. 

0



 

 

Fig.  2  . -  V i ew f rom the  con t ro l - room to  cen te r  co r r ido r .  
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 Fig. 7 .- View into o chamber. Oats of different nitrogen supply. 
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D E S I G N  O F  C L I M A T I C  P R O G R A M S  I N  P H Y T O T R O N E S  

by 

D r  B .  B R E T S C H N E I D E R - H E R M A N N  

f rom the Inst i tu te  o f  p lan t -B reed ing and  P lant -Cu l t i va t ion o f  the  Jus tus  L ieb ig -Un iver s i t y  
o f  G i e s s e n -  D i r e c t o r  :  P r o f .  D r  E . V .  B O G U S L A W S K I .  

Exper iments  to  l earn  the  i n f l uence o f  c l ima te  on p lant  deve lopment ,  p lant  growth 

and y ie ld  under  outs ide  cond i t ions  must  be  car r i ed  out  ove r  many yea rs .  The s ing le  year  in  a  tempera te  c l imate  ne -

ver  has  condi t ions ,  wh ich  can be sa id  they  are  s ign i f i cant  fo r  a  cer ta in  reg ion.  There  are  too much c l imat ic  factors,  

which con vary and two years with near ly equal temperatures wi l l  have other ra infal l ,  other a ir humidity,  other l igh'  

i n tens i t i e s ,  hours  o f  sunsh ine  e tc . . .  

There fo re  we a re  const ruc t i ng  phy to t rones  to  have reproduc ib l e ,  cons tant  and cont ro l led  c l ima-

t ic  condi t ions.  I t  now may depend on the purpose o f  the exper iment  to des ign the c l imate program more or  less  s imi la r  

to  average outs ide  cond i t ions .  But  i n  any  case  o  s imp l i f i ca t i on  w i l l  be  necessary .  Th i s  i s  founded  in  the  na ture  o f  a  

phytotron. 

The exper iments  in  the  phy to t ron o f  the  i ns t i tu te  o f  p lan t -b reed ing and p lant -cu l t i va t ion i n  

Rau i s ch -Ho l zhousen  shou ld  be  ca r r i ed  ou t  w i th  ce rea l s ,  ma in l y  oa t s ,  wh i ch  we re  to  cu l t i va te  f r om emergence  t o  

ye l l ow- r i penes s .  Oa t s  i s  a  we l l  known  p l an t  f o r  po t - cu l t i v a t i on .  Ave rage  y i e l d s  and  obse r va t i ons  f r om the  po t -

s ta t ion  under  na tura l  c l ima t i c  cond i t ions  are  a  good s tandard for  the  resu l t s  f rom the phy to t ron-exper iments .  The 

base  o f  the  cont ro l led  c l ima te  in  the  chambers  shou ld  be  the  ave rage c l ima te  o f  Rau i sch-Ho l zhousen.  For  th i s  pur -

pose i t  was the task to f ind out a su i table program and some resul ts  of  the exper iments are given in the fo l lowing. 

Da i l y  pe r i od i c i t y  :  

To des ign a program for the phytotron meteorologica l  dates of  15 years f rom the observatory of 

the  expe r imenta l  f i e l d  we re  eva l ua ted .  Thus  we  go t  an  ave rage  t empera tu re  fo r  each  2  nd  hour  o f  a  day ,  wh i ch  on  

the  o the r  hand  i s  t he  ave rage  o f  5  days .  Each  pen tode  o f  t he  months  Apr i l -Sep tember  was  eva l ua ted  in  th i s  way .  

Some resu l t s  a re  g iven i n  f ig .  1 .  The s t ra ight  l ines  are  the  average da i l y  tempera tures  o f  the  1s t  pentode  o f  Ap r i l ,  

May ,  June ,  Ju l y  and  Augus t ,  r i s i ng  f r om Ap r i l  t o  Ju l y /Augus t .  The  cu r ves  show t ha t  t he  da i l y  cou r se  o f  t empe ra tu -

re in each o f  the s i x  demonst ra ted  pentodes  i s  near ly  the same.  There  i s  no great  d i f fe rence whether the photoper iod 

is  longer br shorter  or  days are cool  or  warm. This  means that  the dai ly  thermoper iodic i ty  must  be about the same du-

r ing the per iod  of  vegeta t ion.  

The problem is now how to determinate the effect ive day and night temperatures. Sunr ise and 

sunse t  taken as  l im i t  to  ca l cu la te  these  ave rage  temperatures  g i ve  a  d i f fe rence o f  about  4-5°C.On ly  a t  the  beg in-

n i ng  o f  Ap r i l  we  f i nd  a  sma l l e r  d i f f e r ence  o f  abou t  3 °C  ( s . t ob .  1 ) .  

WENT (1 )  i s  ca l cu la t ing  the  da i l y  per iod ic i ty  by  the  fo rmula  :   

t ny c  =  t  m in  1 /4  ( t  max  -  F  m in )  and  

tpho = t  max -  1/4  ( t  max -  t  min)  
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In our c l imate this would give dif ferences between day and night temperatures, which are s l i -

ghtly higher than those based on astronomical dates (see tab!. 1). In general there is a good correspondence between 

the two calcu lated values.  On the other  hand experiments showed that oats  g ive better  y ie lds when the ampl i tude 

of day- and night- temperature is  about 10°C. This dif ference is to f ind between the lowest and highest temperatures 

in the course of 24 hours os to be seen in f ig. 1 and tab.  1. Some results to this quest ion are given in tab.  2. There 

is no effect on straw-yields but the grain-yield is better on account of a higher 1.000 grain-weight. These better re-

sults of a larger day-night-ampli tude (see fig. 2) were got al though the vegetation was shorter. 

An other question is to which time these day-and night- temperatures should become effective. 

There are two possibi l i t ies :  to change the temperature with the beginningof the photoperiod or to change i t  at the 

point of inf lex ion of the dai ly curve of temperature (f ig. 1 and 2). In the f i rst case the night temperature during 

"summer", when days are long, would be given far a shorter time than in "spring". To keep the average 24 hour tem-

perature i t is  not possible to have a constant di f ference of 10°C for thermoperiodic i ty ,  which on the other hand fol-

lows out of the course of dai ly temperatures as shown before. Some results of an experiment about the effect of al-

ways the same length of the photo-temperature compared with a length depending from the photoper iod are given in 

tab.  3 .  S l ight ly h igher gra in- and c lear h igher s traw-y ie ld were the resu l t ,  a l though the vegetat ion-per iod f rom 

emergence to yel low-ripeness was longer and the ratio grain : strow lowered. 

Furthermore the experiment should give an answer to the question to which extent the program 

should be adapted to the outside course of temperature. 

it is possible to have only one nyctotemperature and one phototemperature. But the adaptation 

becomes better when there are more steps of temperature. As i t  was said, oats showed a positive reaction on more 

extreme temperatures in thermoperiodicity, the effect of two phototemperotures keeping the same average phototem-

perature was positive for yield too and this again means a greater difference between maximum and minimum tempe-

rature during one day. The results of this experiment are given in tab. 3 under 3rd. Now the ratio groin : straw again 

becomes better and mainly the 1.000-grainweight is h igher. The length of the vegetat ion-per iod is again 115 days. 

So we conclude for the problems of dai ly periodici ty that experiments with oats bring good results 

i f  the ampli tude of day and night temperatures is about 10°C. The length of the phototemperature must not vary with 

the lengthening of the photopericdbut may be constant as in nature. The effect of two phototemperatures is posit ive 

again and seems to be similar to that of a greater day-night-amplitude. An example for a design For such a program is  

given in f ig. 2, 2nd program. 

Seasonal periodic i ty :  General ly seasonal per iodic i ty is unders-tood os the requirement of chi l -

l ing during winter to break dormancy. Oats are sown in spring and do not need a chil l ing in this sense. But in nature 

temperature r ises from sowing t ime in spr ing to the end of July and then drops again. This is  demonstrated in f ig. 3. 

It is remarkable that an average of 15 years makes not disappear cool or warm periods and the smoothened curve has 

been calcu lated by interpolat ion. 

It is  sure that th is  course of temperature, start ing low and becoming warmer and warmer, in 

the period of vegetation has an influence on development, growth and yield of plants, which are adopted to tempe-

rate c l imate.  

Fig. 4 shows a design for temperature and doylength, which is based on these condit ions en-

clos ing the quest ions of dai ly and seasonal per iodic i ty. There is a r is ing of the 24-hour average temperatures from Nee 

to five days from Apri l (time of emergence) to June and dropping again from August (harvest t ime) to September. From 

these 24-hour temperatures each a nyctotemperature (t nyc)  has been calculated which is about 6°C lower and has a 

constant length of 9 hours. The corresponding phototemperature (t pho) is calculated to keep the 24-hour temperatures 

and from this the two temperatures t pho of 11 hours and t phon of 4 hours length are calculated. The 



 

length of phatoperiod (-discontinued line) has been calculated from astronomical dates including one hour of photo-

per iod ic  e f fec t ive  dawn. 

Results of a pot experiment which amongst others hod this cl imate ore given in f ig. 5. The ave-

rage l ight intensi ty  was 16.008 Lx.  The Mitscher l ich-pots  were f i l led wi th pure sand and got a Fert i l i z ing of  1,6 9N. 

The rat io N :  K P was 1 :  1 ,2 :  0 ,27.  Bas ic  e lements were added suff ic ient ly .  The resu l ts are averages of  3 repet i -

t ions. There were six harvest-t imes depending on development and growth : 

I. at stage A 
I I . -  a t  s t a g e  B I / B I I  
I I I . -  a t  3 5 - 4 0  c m  h i g h  s h o o t s  
I V . -  a t  h e a d i n g  
V . -  2 0  d a y s  a f t e r  e n d  o f  l e n g t h  g r o w t h  ( m i l k r i p e n e s s )  
V I . -  a t  y e l l o w  r i p e n e s s  

In f ig. 5 the above designed temperature-program (Fig. 4) is to compare in its yields (chamber 5) with two other-

program. In chamber 7 one pentode 4°C wormer than chamber 5 a l ternates wi th the next pentode 4°C cooler  than 

that of the "normal" program. This has a positive effect on yields From on early stage of growing to yellow-ripeness. 

Especial ly a higher y ie ld of grain is the result.  If  a "normal" per iod of temperature (from emergency to "DI is fol lo-

wed by a worm period ("D" - "A") after which cooler temperatures are effective ("A" - mi lk-ripeness), as i t is  sche-

mat ica l ly  shown in the f ig.  5 ,  a yet h igher is  the effect , especia l ly  of  s traw, but th is  effect  is  last  not least  the re-

sult of a longer period of vegetat ion.  It is  also to see that the cool per iod has a retarding ef fect on development 

(times of harvesting are later) and in the beginning of the curve yields are lowered by the cool period. 

The results show that a "seasonal periodici ty" is not only of importance by breaking dormancy 

during winter but also for all stages of development and last not least for yield when the plant has reached the physio-

logica l  r ipeness.  Of  spec ia l  interest is  the fact ,  that in th is  case too a l ternat ing temperatures are of  great importan-

ce for growing and yield of oats. It may be expected, tIra al l  crops adapted to the temperate cl imate, where cooler 

periods are alternating with warmer periods, wil l  show the described positive reaction. 

1 )  WENT,  F .W.  "The  expe r imen ta l  con t ro l  o f  p l an t  g rowth " .  Ch ron .  Bo t  .  Comp.  ,Wa l tham,  Mass .  U .S .A . ,  1957 ,  
p .  238. 
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2.- as before, but 2 
phototemperatures 

33,2 51,9 85,1 0,64 115 22,0 
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T H E  I N F L U E N C E  O F  C L I M A T I C  G R A D I E N T S  O N  P L A N T - G R O W T H  I N  

A I R - C O N D I T I O N I N G  G R E E N H O U S E S  

by 

Dr  W.  BOTTLAENDER,  B io log i sches  Ins t .  de r  Fa rben fab r i ken ,  Leve rkusen .  

The  B io log i ca l  L abora to r i e s  o f  Fa rben fab r i ken  BAYER in  Leve rkusen ,  Germany ,  ma in ta in  seve ral 

air-condit ioning greenhouses. The plants grown in these greenhouses are used to test the effects of pestiz ides, fung iz i des  

and insec t i z ides .  They ma in ly  a re  tomatoes ,  beans ,  cucumber ,  co t ton and r i ce .  

The plants should at ta in,  independent from season and c l imate un i form qual i ty and s ize or leaf 

s i ze and the desired matur i ty  should be reached after  growing per iods of  three to four weeks. 

In order to reach these condit ions, every effort  was made to keep the gradients of cl imatic va-

r iab les  such as  a i r  tempera ture ,  a i r  humid i ty ,  ve loc i t y o f  a i r  and so la r - l i ght  rad ia t ion  a t  a  min imum. 

The f i rst  a i r -condi t ioning greenhouse has been bui l t  a f ter  the wel l -known pattern and was equipped 

with heat ing and cool ing systems and vent i lators.  Its e ight (8) chambers have a wal l  length of f ive (5) or ten (10) meters 

respect ively and a depth of seven (7) meters.  

I t  was found,  however,  that  the bui ld ing as wel l  as the equipment,  desp i te the fact  that  they 

were  most  comple te and ra ther  cos t ly ,  d id  not  fu l f i l l  the  requi rements a l together .  A i r  temperature,  humid i ty  and 

c i rcu lat ion were not as uni form as desi red.  

In  order to  sat isfy  the steadi ly  growing demand for  a i r -condi t ioning greenhouses for the ir  B io-

l og i ca l  In s t i t u t e ,  the  BAYER Co .  i n  Leve rkusen deve lopped  the  so -ca l l ed  Ven t i l a t i on  Boxes .  

A vent i lat ion box consists of a rectangular glass duct with a spray nozzle insta l led ins ide this 

duct ,  forming a  je t .  A smal l  amout  o f  water  i s  in jec ted through the nozz le ,  but  th i s  car r ies  a  large amount  o f  a i r  

a long, that  thus gets  coo led and moistened at  the same t ime. 

F ig .  1 . -  Shows a cross-sec t ion  through an a i r -cond i t ion ing  chamber ,  us ing a  vent i la t ion  box,  that  i s  ins ta l led in the 

outer  wa l l  o f  the  chamber .  I t  can be t ipped to  bo th  s ides  o f  the  wa l l ,  so  tha t  a i r  can be sucked i n  e i the r  f rom the  

outs ide or  f rom the ins ide or  even a mixture o f  both,  wh ich i s  then b lown into the space underneath the  tab le .  The 

spray water evaporates there and the incoming ai r  mixes wi th the a ir  ins ide the chamber.  Th is  a i r  mixture r i ses at the 

end o f  the  tab le  w i th  a  ve ry  low speed and s lowly  moves  ove r  the  leng th  o f  the  tab le .  I t s  c i r cu la t ion  over  the  p lants  

i s  very  much l i ke  the  na tura l  a i r  c i r cu la t ion  i n  the  open f ie ld .  

Fig. 2 .  -  Shows the  wal l  o f  an a i r -cond i t ion ing  greenhouse equ ipped wi th vent i la t ion boxes.  As a resul t  o f  the  use 

o f  th is  new dev ice,  i t  was  not on ly  poss ib le  to  cons iderab ly  reduce the const ruc t ion  as wel l  as the  maintenance cos ts  

o f  a i r -cond i t ion ing greenhouses,  but  a l so  to reach an impor tant improvement  o f  the  uni fo rmi ty  o f  the  c l imat i c  zones .  

F ig .  3  . -  Shows  a  c ross - sec t i on  o f  the  d i s t r i bu t i on  o f  c l ima t i c  fa c to r s  ove r  a  tab l e .  The  d i s t r i bu t i on  o f  c l ima t i c  Fac -  

to rs  ver t i ca l  to  the  d i rec t ion  o f  a i r  c i r cu la t ion over  the tab le wi th o f  1 ,6  meters  was  observed on a  day w i th  average 
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solar radiation and was Found to be as fol lows: 

A i r  temperature :  21,6 + 0,2°C 

Air humidity :  87,5 + 2,5 % re lat ive humidi ty 

Air circulation speed : 13 +3 cm/sec 

Average dai ly  radiat ion :  0 ,14 + 0,012col per cm min-1 

Temperature and humidity were measured with an aspiration-psychrometer, the speed of air 

c i rculat ion with a hot wire, the indicated value is the average taken from a ser ies of seven (7) measurements. The 

solar radiation was determined with the solarimeter. 

Despite the fact that the variat ion of these c l imatic factors was found to be relat ively low, 

compared with previous results, obtained in a greenhouse without venti lation boxes, differences in the growth of nei-

ghbouring plants were observed. 

These di f ferences were invest igated for the 19 (nineteen) then exist ing chambers. The cur-

ves of plant-growth for neighbouring plants for these 19 chambers were practical ly identical and basical ly the same 

results were obtained in a series of growing periods. 

F ig .  4  . -  Shows the  curve  of  p lant-growth for  a  s tand of  cot ton p lants ,  wh ich  was  in tent iona l ly  sown very  th i ck ly .  

i t is apparent that the differences in growth are not very big. By no means did they affect the purpose of the expe-

r iment. But the fact that such dif ferences did occur at a l l  seemed to just i fy further invest igat ions which may even-

tual ly lead to a method of e l iminating these di f ferences. 

It is rot very l ikely that these differences in growth of neighbouring plants were caused by 

di f ferences in those growing condit ions as soi l ,  water ing or even genetic di f ferences. The di f ferences in air  temperature 

and humidity are so smal l  that they can r ightful ly be neglected, whereas radiat ion and ai r velocity show appreciable  

var iat ions. These two factors together cause the more or less important deviat ions of the temperature measured on 

indiv idual parts of  the plant against the temperature of the surrounding air.  

We started from the hypothesis, that the determination of a temperature value, representing 

the factors which inf luence the plant temperature would be highly useful  in invest igat ing the problem. 

This  reasoning led to the development of  a measur ing e lement,  cons is t ing of  a bent p iece of 

sheet si lver with a soldered thermo-element. The temperature of this measuring device is depending upon air tem-

perature ,  a i r  ve loc i ty  and l ight  rad ia t ion ,  jus t  as  the temperature  of  the p lants .  A re lat ionsh ip to  the a i r  humidi ty  

can be neglected, s ince the occur ing d i f ferences in humidi ty  changed the average plant temperature by less than 

0,1°C. 

In the fol lowing, the temperature of th is measuring element wi l l  be cal led complex-tempe-

rature or model-temperature. 

It was found to be a value approximately in the middle between maximal leaf temperature 

and the temperature of the surrounding air, s imilar to the temperature of the bud. 

The f irst measurements were made in 1960 with cotton plants. 

10 (ten) cardboard pots, containing f ive (5) plants  each, were l ined up with equal distances 

on a cram-section l ine within a group of cotton plants. The model-temperature was measured regularly with the s i lver-

e lement,  s tart ing f rom the moment of  leaf  format ion unt i l  the terminat ion of  the exper iment.  S imul taneously ,  we 

measured the temperature of  a hor izontal ly  s i tuated piece of leaf  wi th the a id of  very f ine thermo-e lements  as wel I 

as the temperature of the soil  surface with the aid of resistance-elements. 
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The solar radiat ion could only be measured after the plants were harvested. These results were then compared with the 

radiat ion on socal led typical  days - i .e. (that is) days with s imi lar var iat ion of solar radiat ion - and thus the radiat ion 

for the ent i re  exper imenta l  per iod could be ca lcu lated. 

The exper imental  results are shown on Fig. 5. 

It was not possible to discover a direct relationship between stem-length, wet weight, dry 

weight or re lat ive dry weight on one s ide and one of the environmental factors on the other.  

It was then tr ied to f ind a re lat ionship between plant-growth and several  environmental  fac-

tors at the some t ime. This calculat ion led to four (4) regress ion-polynomes. The threshold of s ignif icance of the s i-

gn i f icant factors was hold on 10 %. The regress ion polynomes and the s ign i f icant env i ronmental  factors  are descr ibed 

as fol lows. 

P lant Growth Character is t ics  dependent on Sign i f icant Env i ronmental  Factors  

y1 = Stem Length 

y2 = we Weight 

y3 = Dry Weight 

y4 =Relative Dry Weight 

Signif icant Environmental Factors  

x3  =Average Da i ly  Max imum of  Leaf  Temperature 

x4  =Average  Do i l y  Va lue  o f  Mode l  Temperatu re  

x6  =Average  Da i l y  Max imum o f  Mode l  Tempera tu re  

x7  =Average  So la r  Rad ia t ion  

x8  =Average  Do i l y  Va lue  o f  So i l -Su r face  Temperatu re  

x9  =Average  Da i l y  Max imum o f  So i l -Su r face  Temperatu re  

Regression-Polynomes 

y1 =125,5 + 2,4 (x3 - 28,7) + 6,3 (x6 - 30,7) 

 
y2  = 1,669 + 20,65 (x4  -  21 ,4)  -  0 ,469 (x4 2  -  458) 

+ 0,1397 (x6  - 30,74) -  0 ,218 (x9  -  25,7) + 2 

2 

y 3  =  0 ,218  +  9 ,05  ( x 4  -  21 ,4 )  -  0 , 2106  ( x 4  -  458 )  

+  0 , 0 092  ( x 6  -  30 , 7 4 )  9 0 , 72  ( x 7  -  0 , 1 4 )  +301 , 7  ( x 7 2  -  0 , 0 01958 )  

-  0 ,0475 (x8  -  21,21) + 0,0567 (59  - 25,7) + 3 

y4  = 13,04 +417,2 (x4  - 21,4) - 9,788 (x4 2  - 458) 

-  5271 (x7  -  0 ,14) + 1723 (57 2  -  0 ,001958) 

-  2 ,24 (x8  -  21,21) + 5,49 (x9  - 25,7) + 4 

+ 1248 (x- 21,4) - 28,93 (x 
4 4

- 17130 (x- 0,14) + 59510 (x 
7 7

2

- 0,01958) + 1

2

- 458) 



 

 

The degree of certainty is for 

= 96,4 % 
v1 ' 
' 

.  2 =87 7 % 

v3 = 99 6 % 

 
These f igures ore only of re lat ive value, s ince, for example, the c l imatic f luctuations, which 

have an important inf luence on the plant-growth, could not be taken into considerat ion as yet.  

The average model-temperature is of paramount significance in all  regression polynomes. Its 

ef fect  i s  l inear  and quadrat ic .  Furthermore,  the average l ight radiat ion and the maximum soi l  temperature have a 

great inf luence. 

The graph showing the regression l ines Makes the relationship between environmental Factors 

and p lant-growth very obvious.  

The upper half of Fig. 6 shows the stem-lenght of the plant at the end of the experimental  

per iod as a function of  the model-temperature wi th constant radiat ion and leaf temperature. The model-temperature 

has an optimum : this means that under constant radiat ion the stem-lenght increases with increasing temperature up 

to a certain degree of temperature, beyond which this re lat ionship is inverse. Using the maximal model-temperature 

os a parameter causes a parallel shift of this curve. The stem-length is increasesif under the some average model-

temperature i ts maximum l ies higher. This could very wel l  be the effect of an occasional radiat ion maximum. 

The lower hal f  of  F ig. 6 shows the inf luence of solar radiat ion. If  the radiat ion is too low, 

the plant grows very tal l ,  the growth decreases with increasing radiat ion, i t  reaches a minimum after which i t in-

creases again with st i l l  increasing radiat ion. The parameter in this re lat ionship is the maximal leaf temperature. 

The upper of Fig. 7 shows that the wet weight depends upon the average and maximal model-

temperature in the same way as the stem length does. The optimal overage model-temperature, however, was found 

to be approx imate ly 1/2°C higher.  

The lower part of Fig. 7 shows that the wet weight decreases with increasing maximal tempe-

rature of the soi l  surface. 

The f irst graph on Fig. 8 shows that the wet weight too depends upon the average and maxi- 

mal model-temperature.  

The second graph on Fig. 8 shows, that the dry weight decreases with increasing average 

temperature of the soi l  surface. The temperature of the sol i  surface is control led by the fol lowing Factors 

-  Amount of  radiat ion reaching the surface. 

- Amount of heat absorbed by the surrounding air .  -  

Heat used in evaporation of soi l  humidity.  

v =97 ' 3 %• 4
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The last  two factors  show a var iat ion in  the region of  low air  ve loc i ty ,  which is  proport ional 

to this velocity. The parameter in this graph is the maximal soi l  temperature, the increase in soi l  temperature effects an 

increase in dry weight. 

The relationship between dry weight end average temperature of the soil surface should not real ly  

be explained in such a way, that the plant growth appears as a funct ion of the temperature of soi l  surface. Quite on 

the contrary, it should be made clear that the plant growth or the amount of shadow provided by the plant controls the 

temperature of the soi l  surface. From this we can conclude that the temperature of the soi l  surface cannot be used as a 

suitable factor providing reproducible experimental conditions. 

The third or last graph on Fig. 8 shows, that, under the so for investigated environmental 

condit ions, the dry weight decreases with increasing radiat ion. 

The curves on Fig. 9 representing the relative dry' weight, are similar to those already dis-

cussed. The maximum, however, appears at lower average model-temperature than i t did for the other factors, in-

f luencing plant growth. 

The foregoing experiment was repeated in the fol lowing year. in order to gain additional 

information, i t  was now tr ied to measure the air  temperature with the aid of shaded thermo-elements. The previously 

used si lver-elements were now replaced by platinum-elements to make sure that the radiation qual it ies of the surface 

were not changed during the experiment due to oxydation. The solar radiation during the experiment was measured with 

solar imeters, l ined up paral le l  to the plants but behind them in the direct ion of air  c i rculat ion. 

The results were taken from the continuously measured values during the daytime only, since, as 

we knew already from the f irst experiment, the temperatures at night are almost the some for al l  plants. 

For this second experiment, we took the soi l  temperature measured near the plant roots, whereas 

the temperature of the soil  surface was considered For our first experiment. 

The climatic fluctuation during this second experiment was entirelydifferent from the one 

encountered during the first test. 

The results can therefore not agree numerical ly. 

Fig. 10 gives a numerical  as well as a graphical representation of the regression polynomes of 

the relative dry weight for both experiments. 

It can be seen from this figure, that the model-temperature is of paramount significance for both 

regression polynornes. It enters the results l inearly and by the square. 

The highly radiation-control led maximal temperature of the sai l  surface appearing in poly-name 

I is replaced by the maximal radiation in polynome II. It should not be concluded, however, that a factor not appearing in 

the regression polynome cannot have any inf luence. i t could very wel l be that the only reason that such a factor . did 

not appear is  the fact, that i ts var iat ion was too smal l  to be noticeable. The curve'showing the regression line for 

experiment II nicely fits the respective curve for experiment I after it has been shifted parallel in a permissible manner. 

Regression calculat ions have been carried out for al l other factors describing plant growth for 

this second experiment. The results very much resemble those obtained during the first experiment. 

The air temperature, however, could not stand up against the model-temperature at al l .  It  

obviously responds to the radiation despite the fact that the measuring element was shaded. The soi l  temperature near 

the roots was more or less identical  for al l  p lants. Thus, i ts inf luence could not be determined. The maximal leaf 

temperature, which was s ignif icant dur ing the f i rst exper iment, showed no inf luence at al l  dur ing the second one. 

It was also examined, whether the determination of values with the aid of typical  days was 

Bis 
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permissible. The result was positive. The variation of measured values remains basically unchanged, if the days are 

selected and class i f ied careful ly.  

From the degree of  var iat ions observed for  even a very l imi ted sect ion out of  a s tand of  

plants, i t  can be concluded, that the inf luence of numerous factors on the plant growth can be determined from a 

s ingle exper iment and within a relat ively short per iod of t ime. As an example we may take the var iat ions of the mo-

del-temperature from one plant to another, which amounted to approximately 0,1°C. 

It is true, that with this method, only small ranges of environmental factors are under expe-

r imental  control .  Yet, th is has the advantage, that the poss ible variat ions of ex ist ing re lat ionships can be closely 

watched for indiv idual  ranges.  Obvious ly,  the mathemat ica l  funct ion descr ib ing curve-sect ion I  must be d i f ferent 

from the one appl icable for curve-sect ion II .  

The exper imental  procedure, where the inf luence of a s ingle factor is invest igated whi le al l  

the others remain constant, does not appear to be reasonable. This is particularly true due to the fact, that in most 

art i f ic ial  l ight growing rooms the var iat ions of environmental  factors are of the some order of magnitude as those 

used For our regression calculation. 

The assumption, that a set of values measured at a certain representative location is appl i-

cable to the entire stand at plants, is  a s impl i f icat ion, that leads to the loss of considerable amount of information 

and makes the reproducibi l i ty of exper imental  results very doubtful .  It fo l lows, therefore,that this s impl i f icat ion is 

not permissible. 

The main cause For this variation of environmental factors is the difference in radiation.  

The radiation reaching the plant is transformed into heat or water evaporation, both of which inscrease the heat 

content of  the c i rcu lat ing a i r .  

The exchange of energy between plants and circulating air is subjected to the very same phy-

s i ca l  l aws ,  that  are  val id  in  the  techn ica l  rea lm for  energy  convers ion .  Whether  we cons ider  the pr inc ip les  of direct-

or counter current, whether the stream of air or water moves alongside or across the pipes or plates, their dimens ion 

and number -a l l  these facts  are important for ef f ic iency and res is tance, for the c i rculat ion character is t ics  and for the 

gradients of energy carriers. 

Since air circulation and energy transformation are inevitable facts, the construction of 

an artif icial l ight room with constant temperature and humidity of the air as the energy carrier, remains entirely 

utopia.  Even in a t ight ly  c losed art i f i c ia l  l ight room with unmoved ai r ,  the l ight wi l l  immediate ly  cause a thermal  

a i r  c i rcu la t ion .  

Shape, construction material  and dimension of an artif ic ial l ight room and also the arrange-

ment of the plants  just a v i tal ly inf luence the gradients of environmental . factors as l ight and air  c i rculat ion. 

Reproducible experimental  results can only be obtained in identical  artif ic ial  l ight rooms 

with identical plant arrangement. It is  therefore necessary to standardize the artif icial  l ight rooms and to numerically 

define the density of plant stands for each experiment, since the density of stand has an extraordinary great inf luence 

on the plant growth. 

The gradient of environmental factors can be changed by charring the density of stand. The 

outskirts of a plant group, where the environmental  factors can have the entire range of intermediate values between 

the surrounding climatic conditions and the climatic conditions of the stand, should be a preferred subject For inves-

t igat ions. This would at the same t ime br ing some l ight into the re lat ionship between surrounding c l imatic condit ions 

and cl imatic condi t ions at the plant. This knowledge is a necessary tool For invest igations with individual plants 

under natural growing conditions. 

The evaluation of each experiment took approximately six .(6) months, mcinly For the deter- 
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mination of average valves with the aid of a planimeter. 

This extensive task would become unnecessary, if the zones of environmental factors in the 

artificial light rooms could be so adjusted, that the applicable values for all possible plant locations could be 

defined in advance and were known for each experiment. 

Experiments in air-conditioning greenhouses and in the open field still require continuous 

measurements of environmental factors at the specific plant location. 

In order to shorten the process of evaluating the curves printed by the compensation printers, 

we designed an apparatus that calculates the hourly and daily totals as well as the amplitudes of the daily maximum 

and minimum semi-automatically within five (5) minutes and prints these results on a printing roll. 

This device makes it possible, to have the entire results, including regression calculation 

available one week after the termination of the experiment. 

The regression analysis was carried out by our Department far Mathematics with the aid 

of a computer. The evaluation apparatus was built in our fine-mechanical work-shop. 

Aso result of these investigations, we arrive at the following conclusions : 

1) Variations of environmental conditions, that are so small, that they can hardly be measured, still have an appa-

rent and unmistakable influence on plant growth. 

2) The curve of plant growth within a group of plants can only be described with the aid of an entire group of simul-

taneously active environmental factors. 

I hope that the thoughts expressed in the foregoing may stimulate the further improvment of the al-

ready highly advanced technique of phytotrons and may draw your attention to the usefulness of an increased appli-

cation of refined physical measuring methods on stands of plants as well as on standardization of plant growth chambers. 

0 

0 0 



 F ig .  2 .- The wa l l  o f  a i r - cond i t ion ing  greenhouse  equ ipped w i th  vent i l a t i on  boxes. 

 

F ig .  1  . -  Cros s - se c t i on  th rough  an  a i r - cond i t i on i ng  chamber .  
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Garg (19).  



 

 

F ig .  5  . -  Growth pat te rn  o f  Pan icum mi l iaceum in  d i f fe rent  sowings 
ma de  a t  3 2 - da y  i n t e r v a l s  t h r oughou t  t h e  y ea r .  F i r s t   
s o wi ng  was  done  i n  t h e  m o n t h   o f  Ap r i l  i n  De l h i .  Da ta  
f rom  Nanda (24).  

 



 

 

F ig .  6  . -  Ea r s  o f  Pan i cum m i l i a ceum i n  d i f f e r en t   
sowings made at 32-day interva ls throu-
ghout the year .  F i r s t  sowing was done in  
the  month  o f   Ap r i l  i n  De lh i .  Data  f rom 
Nanda  (24) .  

 

F ig .  7  . -  Ea r s  o f  E l eu s ine  co ra cana  i n  d i f f e r en t  sow ing s  made  a t  32 -day  i n t e r -
va ls  throughout  the year .  F i r s t  sowing was done in  the month o f   Apr i l  
i n  De l h i .  Da t e  f r om  Nanda  ( 24 ) .  



 

 

Fig. 8 Diagrammatic representat ion of  SD, ND 
and LD plants  the branches with the  
lengths of  the vegetat ive per iods of  the  
main shoot and the branches Of different 
orders  in  Pan icum mi l iaceum.  The vert i-
ca l  co lums represent  the  vegetat i ve  pe-
r iods .  The c i rc les  terminat ing these co -
lumns represent the inflorescence. The  
abscence of  c i rc les at  the end of  vert ica l  
colums, as in LD plants,  indicates lack of  
f lower ing.  The numbers with in c irc les re-
present the order of emergence of branches 
and the posit ion of the mode on the plant 
is indicated by an arrow that terminates  
below a dotted l ine which connects i t  

with the main shoot in the case of primary  
branches and a primary branch in the case 
of secondary branches. Data from Nanda  
(25) 



 

Fig. 9 .- Diagrammatic representation of a plant of 

Crotalaria juncea showing the number of 
branches and nodes as well as the height  
attained by the main shoot and branches 

of different orders. The vertical columns 

in this figure represent the height of the  
main shoot and the branches in cm. Data  
from Nanda (27).  
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ANCHLISA OFFICINALIS 

PRIMARY %RANG HE S 

 

Fig . 10 . -  Diagrammatic representat ion of a p lant of  Anchusa off ic ina l is  
showing the number of primary branches as well as the lengths  
of the vegetative periods of the main shoot and ranches. The  
vert ical columns in this f igure represent the vegetative periods. 
The order of  emergence of branches is shown by the numbers  
shown within c i rc les which represent the inf lorescence in  each 

case .  The absence of  c i r c le s  at  the end of  ce r ta in  co lumns   in-
dicates that these did not f lower at al l . Data from Dhanraj (29) 

 

F ig .  11  . -  E f fec t  o f  photoper iod  on 
Impatiens balsamina. LDLD  plants were 
sown under long day  condition and were 
left there throughout the growing period.  
These  remained vegetative and produced 
lateral branches in acropetal  succession. 
NDSD plants were sown under normal day 
but were transferred to short day later. 
Lateral buds produced were reproductive. 
Data  
from Kumar (30).  
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A  P R O P O S  D E  L ' H E L I O - P H Y T O T R O N  D E  G O R S E M  

Pot' 

C .  S1RONVAL ,  Labo r a to i r e  de  Phy s i o l og i e  Vege t a l e ,  
Go r sem,  Sa i n t -T rond ,  Be l g i que .  

Je do is  vous fa i re  une confess ion :  je  n 'aura i s  jamais cru ,  lo rsque j ' a i  entendu par ler  pour 

lo premiere fois d 'un phytotron, que je me trouverais un jour devant une nombreuse assemblee specia lement convo-

quee pour en discuter des heures durant. 

Ce l a  se  pas sa i t  ve r s  1950 .  C ' e s t  en  e f f e t  a  L i ege  , - i l  f a c t ,  j e  c r o i s ,  l e  d i r e , -  que  l e  p remier  

phy to t ron  a  e te  cons t ru i t  en  Europe .  L ' i n i t i a t i ve  en  rev i en t  au  P ro fesseur  R .  BOUILLENNE,  i c i  p re sen t ,  qu i ,  rentront  

de Pasadena, of. ,  i t  avai t  rendu vis i te  au Professeur F.  WENT, ava it  congu tout  l ' in teret  de cet  appare i l lage.  Lorsque le  

Pro fesseur  BOUILLENNE a  enonce le terme de "phyto tron"  devant  nous ,  ses e leves,  nous l 'avons regarde,  nous avons 

r i ,  e t  nous n 'avons  pas compr i s .  Nous ne sav ions  pas de quo i  i  t  s 'ag i ssa i t  . . .  Nous avons seu lement  cornpr is de quoi  i i  

s ragissai t  quand,  un an p lus tard,  le phytotron de L iege s 'est  mis a fonct ionner,  et  que le Professeur CHOUARD  e s t  

venu  P i naugu re r .  

On  peu t  fa i r e  beaucoup  de  cho re s  avec  un  phy to t ron .  Pour  ma pa r t ,  j e  ne  su i s  pa s  eco lo -

giste. A peine suis- je physio logiste :  rrx:m laboratoire s ' interesse au contenu des plantes et a ses var iat ions en rapport 

avec  l e  deve loppement  e t  l e  m i l i eu .  

Lorsqu'un biochirniste experimentait  autrefois sur les chloroplastes,  comment procedait- i l  

genera l ement  ?  I I  a l l a i t  au marche .  I I  s ' y  p rocura i t  un  demi -k i lo  d 'ep ina rds .  Avec  ce  demi -k i lo ,  i t  fa i sa i t  des  me-

sures,  par  exemple  en ut i l i sant  l es  methodes de Warburg.  Par fo is  ( 'exper ience donna i t  t in  resu l ta t  ;  par fo i s  e l l e  se  

de rou la i t  au t rement  e t  donna i t  t i n  au t re  re su l t a t ,  pa rce  que  l e s  ep ina rd s  du  marche  e ta ien t ,  c e  jou r - l a ,  d i f f e r en t s  

de ceux du jour  precedent.  Eux auss i ,  vena ient  du marche,  mais c 'e ta i t  d 'aut res ep inards 

Le  phy tot ron seu l  nous pe rmet  de  rep rodu i re  v ra iment ,  d 'une man iere  s t r ia te  e t  cont ra lee ,  

on  o rgane  ( te l  un  ch lo rop la s t e )  a  vo lon te  i dent i que  a  l u i -meme,  -e t  pa r  consequent ,  d ' u t i l i s e r  choque  fo i s ,  dons  

des  exper i ences  success i ves ,  l e  meme mate r i e l  v ege ta l .  C ' e s t  un  avan tage  i nden i ab le .  I I  en  e s t  un  second  :  c ' e s t  

qu 'a  ( 'a ide  d 'un phy to t ron ,  i t  e s t  poss ib l e  de  compare r  des  mater i aux d i f fe rents ,  de  le s  produ i re  e t  de  le s  rep rodu i -

re .  J ' a i  eu  l ' honneu r  de  mont re r ,  au  recen t  Cong res  de  Pho tob io l og ie  d 'Ox fo rd ,  qu 'un  ch lo rop las t e  d ' ep ina rd  ob tenu 

en 8 heures de jour ,  nest pas ident ique a un chloroplaste de la mime var iete,  obtenu dans les mernes condi t ions,  mais 

en 16 heures de jour . ,  La st ructure est d i f ferente ; le contenu est  d i f ferent ;  le fonct ionnement est  d i f ferent.  

A  Gorsem, nous e tud ions spec io lement  les  ch lo roo las tes .  Not re  phyto t ron ser t  a  fourn i r  t in 

mate r ie l  de f i n i  (ou p lus ieurs )  pour  ce t te  e tude.  I I  es t  congu comme su i t  :  nous  d i sposons  d 'une cave assez  grande 

dans laquel le une ser ie de 8 chambres condit ionnees separees sont instal  lees. Dans chacune de ces chambres la tem-

pera tu re  es t  reg lob le  a un degre  pres ,  en t re  d i x  e t  t rente  degres  cen t ig rades .  L ' in tens i te  l umineuse ,  l a  duree des  

jours  e t  i s  qua l i t e  de  l a  l umie re  sont  ega lement  reg lab les .  On pe t i t  cont reder  l ' humid i te  de  l ' a i r .  L c :  cave communi -

que avec le  laborato i re  de b iochimie  par  t in monte-charge,  et  les  p lantes (ou leurs organes),  une fo is  pre levees ,peu-

vent e t re  immedia tement  soumises  a ( 'ana lyse phys io log ique e t ch imique.  I I  me para i t  qu ' i l  s ' ag i t  la  dune d i spos i -  



 

l ion essentiel le, sur iaquel le i i  foul  ottirer Pottention : II doit etre possible de prelever le materiel  au deport des 

chambres conditionnees et de Vanalyser immediatement. Nous avons prevu 22 proximite du phytotron one chambre 

froide dans loquel le le mater ie l  vegetal peut etre traire 6 baste temperature et dans les plus brels deiais. 

Notre ensemble permet donc d'obord de faire croitre des vegetaux dons des condit ions deter-

minees et connues et citetudier ensuite les caracteres biochimiques et physiologiques des chloroplastes obtenus. En par-

ticulier, l 'octivite phr.2tosynthetique globale des feuil les est mesuree dons une chambre speciale (voisine des chambres 

condit ionnees) dons loquel le le mil ieu est contre lable, et ou centre de loquel le se trouve 4.me forte source lumineuse 

(une lamps OSRAM au xenon XBF 6000).  Nous appelons cette chombre "1161 iotron".  On dispose des p lantes prove-

nant du phytotron autour de lo source iumineuse de l 'hel iotron. L 'enregistrernent de la photosynthese est auiomatique. 

E l  se fa i t  a ! 'a ide d 'un oppare i l  de detect ion IR du CO2  du type URAS. A la longue, nous esperons mettre en ev idence 

des re lat ions entre les condi t ions (au tens le  plus large) dans iesquel les  les  p lantes sont cu l t ivees,  le  type et le 

contenu de leurs ch ioropiostes,  et  les  caracteres de leur  oct [v i re photasynrhet ique g lobale,  vo i re les  caracteres de l 

eur developpement et de leur croissonce en general. 

Ce travail  est octuellement en tours. -le ne vois pas vous dire quel en est le resultat ; cela 

m'ecorterait du but de cette seance. 

Nous construisons nous-memes not chcrmbres. La figure 1 monlme !'une d'entre elles. On y 

d is t ingue les lompes dons lo pant ie  super ievre. Le renouvel lement de fa ir  se fa i t  par un c ircu i t  portant du has vers 

le haut de la chambre. Le pr ix dune chambre ne deposse pas septante mi l le francs beiges (environ 500 ! lyres ster-

l ing). La f igure 2 montre 1'141 iotron. La lompe centrale au xenon est al Iumee. On petit voir la disposition des plan-

tes. Sur cheque plante, une feui l le determinee est chois ie pour la mesure de la photosynthese. La photosynthese de 

12 feuil les distinctes peut etre enregistree dans l 'apparei l  URAS. Deux enregistreurs spares notent les mesures svc-

cessivernent (figure 3). 
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Fig. 3 .- Les apparel 's de mesures attenant a l 'hel iotron : 
A = appareil URAS ;  B = enregistreurs ; C = commutateurs auto-
matiques ; D = rota metres. 
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MEASUREMENT OF SPECTRAL ENERGY DISTRIBUTION OF ARTIFICIAL 

I L L U M I N A T I O N  I N  P H Y T O T R O N  A N D  G R O W T H  C A B I N E T  

by 

Y u i c h i r o  N I S H IZ A K I  a n d  Yo s h i h a r u  O D A  

Ins t i t u t e  fo r  Agr i cu l t u ra l  Resea r ch ,  Tobyku  Un ive r s i t y ,  Senda i ,  J apan .  

In  r ecen t  yea r s  phy to t rons  and  g rowth  cab i ne t s  w i th  a r t i f i c i a l  i l l um ina t i on  have  been  much  

used  fo r  p l an t  exper imenta l  work .  We have  to  use  seve ra l  k i nds  o f  a r t i f i c i a l  l i gh t  i n  o rde r  to  ge t  no rma l  g rowth  o f  

h igher  p lants .  The spectra l  d i s t r ibut ion o f  each l ight source was a l ready known, but  i t  i s  very d i f f i cu l t  to  measure  pre-

c i se ly  the  spectra l  energy  d i s t r ibut ion o f  compl i ca ted sys tem as a who le .  However,  the knowledge o f  spectra l  energy  

d i s t r ibu t ion,  bes ides  in te rs i ty ,  o f  the  l ight  i s  i nd i spensab le  to  the  ana l ys i s  o f  the  e f fec t  o f  l ight  on the  p lan t  growth.  

In this report the results are given of measurements of the spectral  energy distr ibut ion in our phytotron and growth ca-

b ine t  by  the  pho tograph ic -p la te  method.  

For  the  purpose o f  es t ima t ing the  spec t ra l  d i s t r i bu t ion  o f  the  l ight  by  which  p lan ts  were  ac -

tua l l y  i l l um ina ted ,  we bad  to  measure  the  ensemble  o f  the  d i rec t  and  the i nd i rec t  ( re f lec ted)  l ights ,  wh ich  was  ach ie -

ved  by  t he  u se  o f  a  neu t r a l  l i gh t - s ca t te r i ng  e l emen t ,  a  magnes i um ox i de - coa ted  p l a t e .  The  l i gh t  r e f l e c t ed  by  t h i s  

p la te  was  i n t roduced to  a  spect rograph and photographs  o f  spec t ra  were  ob ta ined.  By  compar ing  the  concent ra t i on  o f  

the  spec t rophotographs  w i th  tha t  o f  a  "s tandard"  lamp,  the  spect ra]  d i s t r ibut ion o f  the  i nc ident  l i ght  cou ld  be  es t ima-

ted. The experimental  device used is shown in Fig. 1 and 2. 

The l ight  re f lec ted by  the  magnes ium ox ide -coa ted p la te  was  re f lec ted by  a  concave m i r ro r  

w i th  the  rad i us  o f  cu rva tu re  o f  30  cm to  focus  the  image  o f  t he  p la te  a t  t he  s l i t  o f  the  spec t r og raph .  A  p ro je c t i on  

lamp (200 W, 100 V;) was used as a "standard" lamp and was set so as to i l luminate the magnesium oxide plate at an 

ang le  o f  45° .  Fo r  longer  exposures ,  a  hand shut te r  o f  the  spec t rograph was  used,  and i f  necessary ,  the  foa l  p lane  

shutter of a camera was used for shorter exposures, set in front of the sl i t .  To take the spectrophotographs, Process 

Panchromat i c  Fu j i -p l a tes  we re  used .  They  were  deve loped  under  the  cons tan t  cond i t i on .  Dens i t omet r i c  ana l y se s  o f  

the  spect ra l  photographs were done wi th a  record ing microphotometer .  

The arrangement of  i l luminat ion lamps in our phytotron and growth cab inet  are diagrarnat i -

ca l l y  shown in  F ig .  3  and  4 .  The F loo r  space o f  the  phyto t ron and the g rowth cab ine t  a re  a round  11.2  m2 and  

3 .75 m2,  respec t i ve ly .  The l i ght  sources  a t tached  were  as  fo l l ows :  

Phytotron Light sources Number 

-  Re f l e c to r  ( i n candescen t )  l amps  (200  W,  100V)   . . . . . . . . . . . . . .   20 

-  Super-h igh-pressure mercury-vapour  lamps (HL-400W)  . . . . .   3  

-  F luorescent  h igh-pressure mercury-vapour lamps 
(NFL -  400 W.) 9 

-  F l u o r e s c e n t  l am p s  ( F L - 4 0  W -DL ,  c oo l  w h i t e )    . . . . . . . . . . . . . .  59 

-  S l im - l i ned  l amps  (FSL -48  T  8  W,  wh i t e )   . . . . . . . . . . . . . . . . .   . .  1 08  

-  SL im- l ined lamps(FSL -  96 T 12 W, whi te)   . . . . . . . . . . . . . . . . . . . . . . .  24 
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Growth cabinet 

Light sources Number 

-  Incandescent  lamps (200 W, 220 V .)   . . . . . . . . . . . . . . . . . . . . . . .    3  

- Fluorescent high-pressure mercury-vapour lamps 

(HFL-400 W)  ......................... 4 

-  S l im- l ined lamps (FSL -  64 T -  8 D -  dayl ight)   . . . . . . . . . . . . . . . . . .  36 

The measurement of the spectral energy distribution was made by putting the magnesium 

oxide-coated plate at the center of the turntable (phytotron) or on the table 75 cm in height (growth cabinet).  

About 30 minutes after al l  the lamps in the phytotron or growth cabinet had been switched on, 

spectrophotographs of the l ight completely scattered at the magnesium oxide-coated plate were taken with varied 

irtervals of exposure time. After switching them off, the spectrophotographs of the "standard" lamp were also taken on 

the same photographic plate in the similar way. The interval of the exposure time was changed so as to get enough density 

for a direct comparison of both series of photographic record on the some plate. Examples of the spectrophotographs are 

shown in Fig. 5. 

It is important to compare one series with the other on the same plate in order to avoid errors 

the developing procedures are l ikely to make. The photographs thus obtained were subjected to the densitometric analysis 

with a recording microphotometer. 

Then we must compute the intensity of the l ight at each wavelength according to the formula 

E T T2 T 1 t 
l  1  - R  T T —  

2 
1 2 

E 
l 

E 
2 

In this formula, r is the unknown ratio of the incident energies at wavelengths A,„ and A,. R is the known ratio of the 

energy  at  A, ,  and A,of  the  "s tandard"  lamp l ight .  t i  and T1  are  the  in terva ls  o f  the  exposure  t ime for  the  room l ight  

and the  "s tandard"  lamp,  respect ive ly ,  to  obta in  the some dens i ty  on the  p late at  lambda1,  t 2  and T2  ore  a lso the  

in te rvals of the exposure time for both the l ight at lambda2. The ratio, r ,  of the incident l ight was determined at various 

wavelengths,  lambda1 ,  be ing f ixed.  Thus we can measure the spectra l  energy d is tr ibut ion curve of  the inc ident l ights . 

Spectra l  energy d is tr ibut ion curve thus obta ined in the phytotron is  shown in F ig.  6 .  The 

dotted l ine shows the spectral distribution of the "standard" lamp. We can see clearly ten bright l ines of the mercury 

d ischarge and re lat ive ly  large energies of  longer port ion of  the spectrum. The latter  i s  due to more ref lector  lamps 

f ixed in the phytotron. 

The  resu l t s  i n  the  g rowth  cab ine t  i s  shown in  F i g .  7 .  We  can  a l so  see  c l ea r  ten  b r i gh t  

l ines of  mercury d ischarge. But we can f ind that the longer port ion of  the spectrum is  less in  the growth cabinet than 

in the phytotron, as the number of the incandescent lamps is smal ler in this case. 

The possible causes of errors involved in the present method are : 

a )  The  dev i a t i on  f r om the  rec i p roc i t y  l aw in  the  pho tog raph i c  p l a te .  

b )  The photographs of the spectra were taken in exposures shorter than 1 second to obtain appropriate densities of the 

intense emission l ines from the mercury discharge. The intervals of exposure For the spectra of the "standard" lamp 

necessary for matching the densit ies of the emiss ion l ines usual ly ranged from four to ejght minutes. Thus, the accuracy 

of  the focal  p lane shutter  makes a l imi t ing factor  in  the determinat ion of r  in  the formula (1).  Therefore,  in  the curves 

of the energy distr ibution, we can not compare exact ly the energies of the l ine spectra with that of the con- 

r 

R= 

(1)  

(2)  

t 2  t i  t2



 

tinuous spectra. 

In addition , some examples of growth pattern of test plants are shown in Fig. Band 9 which 

indicate the different patterns cultured in the phytotron and in the growth cabinet. They may be due to the differen-

ce in the spectral energy distributions. 

Fig. 8 shows the growth pattern of Lemna perpusilla, a typical short day plant, cultured for 

nine clays at 26°C under the continuous illumination of 7.000 lux. A is under the fluorescent lamp only ; B in the 

growth cabinet ; and C in the phytotron. The plant growth is most vigorous in the phytotron in which many incandes-

cent lamps are arranged. Fig. 9 shows a feature of the growth pattern of Lemna gibba , a typical long day plant, un-

der the same cultural condition as  L. perpusilla. In this case, the incandescent lamps in the phytotron rather inhibited 

the growth of the plant. 

In conclusion, it is very important to measure the spectral energy distribution of the artificial 

light, because the composition of the lights has a great influence of the growth pattern and.photomorphogenesis of 

plants. Thus, in future, such an approach will bring with it one of the most precious contributions to phytotronics. 

 

Reference.- 
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Fig. 1 .- Diagram of measuring apparatus.  

 

Fig. 2 .- Measuring apparatus. White circular plate : 
Mg0 film. 
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Fig. 4 .- Arrangement of  i l luminat ion lamps in 
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T H E  P H Y T O T R O N  D E S I G N  

by 

D r  L .  T  .  E V A N S  -  C S 1 R O  -  C A N B E R R A  

At  one stage this  morning i t  looked as though there would be t ime for  only one sentence in 

which to summar ize th is  morn ing 's  proceedings, and that  sentence would have had to be "That  d i f ferent  phytotrons 

d i f fe r  in  d i f fe rent  ways".  Th is  summary could  a l so  apply  to  th is  a f ternoon's  proceed ings,  wh ich  have amply under l i -

ned Dr Ko l ler ' s  remarks in opening th i s  Sympos ium d i scuss ion.  Faced by th i s  t remendous d ivers i ty  o f  hardware,  Dr 

Ko l ler  suggested that  i t  would  be des i rab le  fo r  us  to  develop,  as far  as  poss ib le ,  a  common engineer ing  approach to 

the problems of phytotron design. 

I  be l ieve  that  i t  i s  much too ear ly  to  a t tempt th i s  because we have as yet  by no  means exhaus-

ted  the  i ngenu i t y  o f  ou r  eng i nee rs ,  and  each  new phy to t ron  adds  new ideas  to  the  des ign  poo l .  Moreove r ,  the  des ign  

o f  each  phy to t ron ,  and  the  eng i nee r ing  approach  to  i t ,  w i l l  depend  on  the  exper imenta l  r equ i r ement s  o f  the  popu la -

t i on  i t  i s  to  se rve ,  and  on  the  c l imate  i n  wh i ch  i t  i s  to  be  bu i l t .  A l so ,  i f  on l y  to  a s suage  the  m ic rometeoro log i s t s ,  we  

w i l l  have  t o  i n t r oduce  fu r t he r  comp lex i t i e s  i n t o  t he  con t r o l l ed  env i r onment  cond i t i ons  wh i ch  we  p rov i de  i n  phy to -

t rons .  Fo r  examp le ,  ou r  p re sent  a im i s  genera l l y  to  g row p lan t s  i n  spa t i a l l y  un i fo rm cond i t i ons .  Such  cond i t i ons  g i ve  

us  a  l o t  o f  phys i o log i ca l l y  use fu l  i n fo rmat ion ,  bu t  i n  t he  f i e l d  p l an t s  may be  sub jec ted  to  marked  g rad ien t s  be tween  

the i r  var ious  por ts ,  and these grad ients  may have impor tant  phys io log ica l  consequences.  A f i r s t  s tep  in prov id ing 

such grad ients  i s  to  prov ide  d i f fe rent  roo t  and shoo t  tempera tures ,  but  we w i l l  eventua l l y  have to  prov ide  fa r  more  

subt le grad ients than these, and th is  wi l l  probably  requi re an ent i re ly  d i f ferent approach on the part of  our engineers.  

Ins tead  o f  us ing  the convent iona l  a i r  cond i t ion ing  techn iques  o f  mov ing a  l o t  o f  a i r  a t  se t  temperatures  around the 

p lants ,  we may have to re ly  on spat ia l l y  separa ted sources and s inks for  rad iat ion.  

Thus,  I  th ink  we  must  to l e ra te ,  i ndeed we l come,  the  present  d ive rs i ty  o f  eng ineer ing  ap-

proaches in phytotron design. I  would l ike to emphas ize,  however,  for those who env isage develop ing new phytotron 

fac i l i t i es ,  tha t  the  cos t  o f  eng ineer ing deve lopment  i t se l f  can become a  s ign i f i cant  pa r t  o f  the  to ta l  expend i ture ,  so  

much so  that  one shou ld  perhaps  not  under take  i t  w i thout  ve ry  good reason.  A l so ,  s i nce  phytot rons  are  so  cos t ly  to  

bu i l d  and  deve lop ,  and  the re fo re  mus t  se rve  a  l a rge  and  o f ten  chang ing  popu la t i on  o f  s c i en t i s t s  o ve r  a  pe r i od  o f  

years ,  i t  may no t  be  adv i sab le  to  des ign them too c lo se ly  fo r  one  par t i cu la r  k ind  o f  work ,  bu t  ra ther  to  prov ide  un i t s  

o f  su f f i c i en t  f l e x ib i l i t y  to  se rve  many  exper imenta l  pu rposes .  So  now I  have  come fu l l  c i r c l e  and  end  up  by  suppo r -

t ing  Dr Ko l le r ' s  p lea to some extent  on the grounds  o f  the h igh deve lopment cos ts and o f  the  advantages o f  genera l  

purpose units.  

In this context, then, we need more discussion of the relat ive advantages of the various 

approaches to the bas ic  design features of  a  phytotron. The most bas icof these are :  

(1) Whether to have fewer, larger rooms on set condit ions and shared by many workers,  or more smal l  autonomous 

cabinets ; 

(2)Which components of c l imate are the most  important  to  contro l ,  and to what extent  should one use natural  or  ar t i f i -

c i c i o l  l i g h t  ?  

(3 )  Wi th  what  accuracy  shou ld  the  var i ous  fac to rs  be  cont ro l l ed  ?  
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Cabinets versus Rooms. 

The protagonis ts  o f  the  room des ign ,  as  employed in the  or ig inal  Ca l i forn ian  phytot ron 

and in most of those bui l t  subsequently, have advanced many arguments in favour of a room-rype phytotron. Among 

these ore that it is more convenient to administer, that users con manipulate or measure their plants with l ittle loss of 

condit ion control ,  and that i t  is  more suitable for work with large plants. Some advantages of the cabinet-type phy-

totron,  which we have bui l t  in  Canberra are :  

(1) The cabinets may be set for any conditions whithin their operating range, whereas for moms a few standard con-

ditions must be selected ; 

(ii) More rigorous control of conditions is possible than where many workers have access to each room, and greater 

precis ion of contro l  is obtainable in the smal ler units ; 

(ii i) Rep l i c a t i on  o f  cond i t i ons  as  we l l  a  w i th in  cond i t i ons  i s  poss ib l e ,  and  i s  o f ten  wan ted  ;  

(iv) Elimination of the daily movement of plants reduces labour requirements and errors in conditions setting, and ob-

viates damage to plants and loss of control at moving time ; 

(v )  Ample  tes t ing  of  the  bas i c  un i ts  can be  car r i ed  ou t  be fo re  the  who le  ins ta l l a t i on  i s  bu i l t  ;  

(vi) The cabinet can be factory-built and checked under rigid production control, resulting in a higher standard of 

workmanship than is possible for on-s ite construction; 

(vii) Isolation of sections for work with soi ls or on plant diseases under non-ster i le conditions can be readi ly arranged; 

(v i i i )  Fu tu re  expans ion  and  mod i f i ca t i on  o f  the  i ns ta l l a t i on  i s  eas i e r ,  and  i t  can  be  bu i l t  i n  s t ages .  

We felt these were very real advantages, and we would therefore agree with the analysis 

made by Dr NITSCH th is  morning. However,  I  be l ieve romm des ign could be improved a lot  more and the develop-

ment of prefabr icated units could make them a more attract ive possibi l i ty.  In fact,  we have both room: and cabinets 

in the Canberra phytotron and such a mixture is probably the best compromise. 

The  C l imat i c  Components  to  be  Cont ro l led . -  

These wi l l ,  of course,  vary depending on the purposes of  the phytotron. However,  i t  

might be worthwhi le to indicate that in the f i rst two years of operation of the Canberra phytotron, which serves a 

fair ly large group of biologists from about a dozen discipl ines, the order of requirement for control has been os fol-

l ows  :  - tempera ture> photope r iode  > l i gh t  in tens i t y> humid i ty  > windspeed,  a tmospher i c  compos i t i on ,  e tc . . .  I 

might add that we hove been rather surprised at how many people have requested independent control of top and root 

temperatures. 

Level of Environment Control  .  -  

The b io logis ts  concerned with phytotron des ign probably tend to spec i fy a h igher degree of 

control than they real ly require, more in hope than in expectation. The engineers then prove that they can attain 

these  leve ls ,  and we end up wi th  someth ing for  more  e laborate  and cos t ly  than is  of ten  needed.  In  Canberra ,  we 

have three general  leve ls  o f  env i ronment  contro l .  Two-f i f ths  o f  our  space is  at  the  lowest leve l  o f  contro l  in  green. 

houses with day temperature control led between 15°C and 36°C -I- 1/2°C, with doylengths of e i ther 8 or 16 hours, 

under natural  l ight. About two-fif ths of our space is at the middle level of control ,  in cabinets which provide closer 

temperature control  over a much wider range of operat ion, at  any photoperiod, but st i l l  subject to f luctuations in na-

tural  l ight intensity.  The rest of our space is  at the highest level of control  wi th very c lose control  of temperature,  

phatoper iod ,  l ight in tens i ty  and humid i ty  over  a  w ide  range o f  operat ion .  in i t ia l l y ,  we thought  we had prov ided too 

h igh a proport ion of  space with the lowest  level  of  contro l ,  but th is  has proved to be very popular  and is  fu l ly  used for  

pre l imirary exper iments ,  and for less  cr i t i ca l  s tages of more e laborate experiments .  Such a mixture of  leve ls of  contro l  

is much more economical  than provid ing ful l  control  at the highest level  throughout the phytotron. To em- 



 

phos ize th is  point ,  the approx imate re lat ive cost per square metre for  our lowest,  middle ,  and h ighest leve l  of con-

trol are as 1 7 : 10 for the initial capital cost, and as 1 : 1 : 2 for running costs. 

For compar ison with the f igures g iven by Dr NITSCH for  the Par is  phytotron the actual  

cost of bui lding and equipping the Canberra phytotron was about % 5.000 per square metre of control led growing spa. 

ce. Our actual running costs for this last year have been about $ 33 per square metre per month, 2/5 the of this being for 

salaries and the remainder for maintenance of al l  kinds. 

A f inal  word about phytotronics. This morning,  with h is customary Gall ic persuasiveness, 

Prof .CHPUARD made a case For phytotronics and for an association of phytotronists. I must confess I feel a little un-

comfor tab le with th is  labe l .  A phytotron is  an extremely usefu l  tool ,  lust as  is  a Spina() Centr i fuge of  a thermostat i -

ca l ly  contro l led waterbath,  but 1 do not  th ink i t  has a separate sc ience of  i ts  own. Scratch a phytotron is t  and you f ind 

a p lant phys io log is t  or  on ecolog is t  ar  a  genet ic is t ,  and the fu l l  potent ia l  of  phytot rons  wi l l  be  real i zed on ly when al l  

these and many other sc ientists have learnt to exploit control led environment faci l i t ies for their own purposes. By 

cal l ing ourselves phytotronists we may give the impression that we are a separate breed, and may prevent the ful lest 

use of phytotron faci l i t ies. 

0 
0 0 
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SOME COMPARISONS BETWEEN RADIATION IN GROWTH ROOMS 

AND RADIATION UNDER NATURAL CONDITIONS 

by 

Dr P. GAASTRA, Laboratorium voor Plantenphysiologish Onderzoek van de 

Landbouwhogeschool Wageningen - Nederland - 

I  -  I N T R O D U C T I O N  

Many lamp types are available for installation in growth rooms. Apart from economic and 

technical factors -which are not discussed- the choice is determined by the types of experiments to be carried out in 

the rooms. For investigations of the relation between spectral composition and developmental processes, several lamp 

types, usually in combination with optical filters, should be available. This special case also will not be considered. 

Many experiments require the same spectral quality in several growth rooms. Such rooms 

are used for investigations of the effects of daylength and irradiance upon various physiological processes, and for 

studies of the effects of other environmental factors (air, humidity, temperature, soil factors etc...) or chemical 

treatments, under constant radiation conditions. Of course, interactions between radiation and other factors can al-

so be the object of study. 

A special case is the use of one spectral quality for investigations, in which it is tried to 

obtain more information about the interaction of physiological processes under natural conditions. It is not necessary 

-and mostly impossible- to duplicate for example the diurnal course of outside conditions, but the equipment should 

preferably be such that the potential rates of the relevant processes are at least comparable with those to be expected 

under natural conditions. If this is not possible, information is required about the approximate difference between 

both. This paper deals with the evaluation of some of these featu;es for radiation active in photosynthesis and photo-

phormative processes. 

The possibilities of various lamp types could be compared by surveying the published per-

formance of growth rooms, used at different laboratories. This is not done, because these data are badly comparable, 

which is due to differences in size of the growth rooms, density of lamp packing, optical properties of lamp and growth 

rooms, etc... 

The basic data used in this paper are the lamp characteristics given by the manufacturers. 

Furthermore, certain assumptions are made about the number of lamps installed, and about the radiation losses in lamp 

and growth rooms. The disadvantage of this procedure is that the absolute values are valid only for the specified con-

ditions. This is accepted in favour of the increased comparability of physiological effects obtained with different lamp 

types. 

The next paragraph deals with the conversion of the manufacturers' data into physiologi-

cally useful units. In paragraph 3, the photosynthetically active radiation in growth rooms is compared with sun + 

sky radiation at Wageningen, and in paragraph 4 similar comparisons are made for radiation active in 

photophormative processes. 
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and the energy flux between wavelength l imits w, and w2 nm then is 
-1 

y  w  E  d ,  e r g  s e c = 6 5 0  x  1 0  7 y  E A  V A  c 1 2  l u m e n  (10) 
2 

These integrals could not be calculated, but their approximate values were obtained by 

taking representative values of E A and VA for wavelengths intervals of 10 nm, and by adding these values over the 

wavelength reg ion w 1  -  w2 .  In th is  way, the rat io between the photosynthet ica l ly act ive energy f lux (w1  =400 nm, 

w = 700 nm) and luminous f lux was calculated : 

2 

 
Since 1 lux = 1 lumen m 2 , for flux densities the ratio becomes 

' 4 0 0 - 7 W L  =  1 . 5 4  x

1 0 4  7 0 0

400
, 

E A h; EA VA erg sec -1 lumen  

-1 
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The photosynthetically. This flux depends upon the number of Einsteins per erg and upon the fractional absorption 

coefficient of the leaves. Both are a function of wavelength. It con be derived (GAASTRA, 1959) that 

1 erg =8.37 x 10 16), Einstein (13) 

in which i. is expressed in nm. For leaves with fractional absorption coefficient a2 (0 < a2 1), the ratio bet- 

ween energy incident upon the leaf (E2 ) and absorbed Einsteins (Qc A ) was calculated according to 

 
absorbable Einstein erg -1 (14) 

in which aA is the absorptionzoefficient for leaves with "normdl" absorption characterictics (taken from MOSS and 

LOOMIS, 1952). 

Table 1, column 2, shows that the ratio between photometric and energy units (E400_700/L) 

varies largely with lamp type, which demonstrates that photometric units are unsuitable for the characterisation of 

photosynthetically active radiation. On the other hand, the ratio between absorbable Einsteins and incident energy 

( (Q0/0400_700, column 3) is very constant, so that for  

-7 - 1  

W watt W x 10erg sec (16) 

The efficiency of energy conversion is derived from eqs. 15 and 16 : 

100 E400_700/ (W 107) % (17) 

Efficiency values (tables 1 and 2, colums 4) vary largely between fluorescent lamps, and the values of these lamps 

are higher than those for mercury vapour lamps, while Xenon lamps are the poorest energy converters. For fluores-

cent lamps, the efficiency decreases with increasing wattage. The efficiency of high pressure mercury vapour, lamps 

with reflector is lower than that for similar lamps without reflector, but the difference is partly compensated by a 

better downward reflection of the emitted radiation. 

E400_700 /L =1.5412°C1 E, / E 
400

erg cm -2 sec -1 lux -1 (12)
A  V A  

(Qc/E)400-700 =8 
-  1 6  7  700 
. 37 x 10 X  C 1 °  E A  a 2  A  /  E  

400 400 
E 

A 



 

III.- A COMPARISON BETWEEN THE FLUX DENSITIES OF PHOTOSYNTHETICALLY ACTIVE ENERGY UNDER 
NATURAL CONDITIONS AND THOSE OBTAINED IN GROWTH ROOMS WITH DIFFERENT LAMP TYPES.- 

Calculation of the energy flux densities ingrowth rooms.- 

For these calculations it is assumed that the lamps are mounted in a lamp room above the 
growth room, and that the rooms are separated by one or two sheets of transparent material, 

Sets of fluorescent lamps can be mounted in several ways, and the effects of various pos-

sibilities upon radiation intensity and regularity of radiation distribution in the growth rooms are given by 

CARPENTER et al. (1960, 1965), and PESCOD et al, (1963). Here is assumed that the lamps are densily mounted 

in one horizontal plane of oppreciable size (several square meters). The distance between the lamps is taken as 1 

cm. From the size and wattage of the lamps, follows the number of watts (W'watts m-2) installed for closely pocked 

fluorescent lamps (column 2, table 2). The same column also shows the values of W' chosen for mercury vapour lamps 

and Xenon lamps. This choice is somewhat arbitrary, but application of denser packing seems unreasonable. Since 

these lamps combine a small size with a high wattage, approximate values of radiation intensities for more widely 

spaced lamps can be obtained by proportional reduction of the value calculated for the stated density of packing. 

The total energy flux of photosynthetically active radiation emitted per unit area of the 

lamp assembly, is obtained by multiplication of W' with the conversion efficiency (column 4, table 2). The resulting 

values are listed in table 2, column 3, For fluorescent lamps, only type TL-33 (white) is considered. The 

efficiency of this lamp decreases with increasing wattage, but the effect is largely compensated by the larger number 

of watts which can be installed per unit area of the lamp assembly. 

The energy flux reaching the plants in the growth room is, of course, only a fraction of 

the total flux emitted by the lamps. The difference is a function of the operating conditions of the lamps (mains vol-

tage and frequency, lamp temperature, age of the lamps), of radiation losses in the lamp room (absorption by the 

walls, reflectors, lamps), of reflection losses at the transparent ceiling of the growth room, and of the site in the 

growth room (decreasing fluxes towards the walls and floor, which are both a function of the cross-sectional area of 

the room). It was impossible to evaluate these losses separately, but actual flux measurements, 40-50 cm below assem-

blies of TL and HPL lamps (both with the specified density of packing), gave radiation losses between 50 and 60 

%, for lamps without internal reflector. Here, such lamps are considered only, and the losses are assumed to be 60 

% of the emitted energy (For lamps with internal reflector, the lower losses are partly counteracted by the lower 

emitted flux, so that the fluxes in the growth roam are close to those obtained with lamps provided with efficient 

external reflectors). The calculated flux densities are given in fig. 2-4, together with various aspects of global 

radiation at Wageningen. Before making comparisons, the data on natural radiation will be briefly discussed. 

Freauency distribution of global radiation at Wageningen.- 

Comparisons of flux densities in growth rooms with those occurring in nature, are of in- . 

terest for experiments which should give information about the interaction between physiological processes under 

natural conditions. Such studies could, of course, be carried out in the field, but the bad reproducibility of 

external conditions limits the possibilities of this method. These difficulties are reduced by the use of growth 

rooms, if, at least, the behaviour of the plants is comparable to that expected in nature. This requires that, as far 

as photosynthesis is concerned, the fluxes of photosynthetically active radiation should be of similar magnitude as 

those occulting 

in nature. A minimum requirement is that the difference between experimental and natural fluxes is approximately 
known. 

For these comparisons, frequency distributic Is of natural radiation are more important 

than overage values, because the distributions give information about the occurrence of extreme conditions, 

which are of interest for various aspects of ecological work. 
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DE VRIES (1955) gives frequency distr ibutions of dai ly (I) and hourly (H) irradiation for 

each month at Wageningen. In the frequency curves -( lac. c i t .  f ig. 3 and 7), several  c lasses of i rradiat ion are dis-

tinguished. They are expressed as fractions of the average values (I and H) Taking actual values fort and 1-1 -  ( loc. 

c i t .  table 2 and f ig. 4), and assuming 45 % of total  shortwave radiat ion to be between 400 and 700 nm, gives the 

data presented in our f igs .  2-4. 

Doi  IL i r rad iat ion in growth rooms and under natural  condi t ions.- 

The cumulat ive frequency distr ibut ion for dai ly i rradiat ion is given in f ig. 2. In growth 

rooms, th is  va lue depends upon the energy f lux dens i ty and daylength.  Two daylengths are considered :  24 hours 

([amp types between brackets) and 16 hours ( lamp types without brackets). S ixteen hours i rradiat ion with TL-40 W 

covers the values for  the winter  months (October up to February),  and with cont inuous i rradiat ion,  th is  is  a lso true 

for most days of March and September. If dai ly i rradiation of the summer months has to be approached, daylengths of 

16 hours are required with HPL-400 W and Xenon lamps, and with TL-120 W continuous irradiat ion should be appl ied. 

With TL-120 W (16 hours) and TL-80 W (24 hours),  the dai ly  values are lower than those occur ing in  45 % of  the days 

in summer. 

Comparison of energy f lux densit ies in growth rooms with overage dai ly i rradiat ion.-  

In F ig.  2 ,  da i ly  i r radiat ion was compared with i r radiat ion in growth rooms dur ing arb i -

t rar i ly  chosen day lengths  of  16  and 24 hours .  A spec ia l  case  is  presented by exper iments  in  wh ich  the day length  

should be equal to the natural daylength. The energy flux density in growth rooms then should be compared with the 

average dai ly  i r rad iat ion.  The latter is  obta ined by d iv id ing the dai ly  tota l  under natura l  condi t ions by the natura l  

daylength. The values so obtained are given in f ig. 3. In the winter months the performance of the lamps is less fa-

vourable than that obta ined wi th day lengths of  16 or 24 hours .  With TL-40 W, the average doi ly  intens i ty  of  Novem-

ber-  to  January is  comple te ly  covered but  th is  i s  the  case for  on ly  10-15 % of  the  summer days .  TL-120 W covers  

most days from September to March, but the intensit ies of 45 % of the summer days are not reached. If the highest 

average dai ly intensit ies of the summer are of interest. HPL-400 W or Xenon lamps should be used. 

Comparison of energy f lux densit ies at noon with those obtained in growth rooms.- 

In studies of the diurnal course of  photosynthesis and re lated processes, the irradiat ion 

of the growth rooms should be comparable with those occurring under natural conditions at noon. This is  especial ly so 

when large plants ore used, so that mutual shading of leaves can prevent the plants to become saturated with l ight at 

noon. 

As expected,  wi th most lamp types noon intensi t ies are not obta ined ( f ig .  4) . TL-40 W 

covers 70 %of the days in  November,  December and January,  and on ly  10 %of the days in  summer.  With TL-120 W, 

noon intens i t ies  of  November up to February are a lmost complete ly  covered, but th is i s  the case for on ly 40-50 % of 

the days in September and March, and for 25 % of the summer days. The performance of HPL-400 W is much better,  

although they do not cover 55 % of the summer days. If the highest noon intensities of the summer months should be 

approached, Xenon lamps have to be used. 

4 . -  S P E C TR A L  ENE R G Y  D IS TR I B U T I O N  I N  SO L A R  RA D I A T I O N  AN D  IN  R A D I A T I ON  EMITTED  BY  VARIOUS  LAMP  
TYPES  . -  

So for, effects of radiat ion upon photosynthesis were considered only. Of course, radiat ion 

affects plant growth through effects upon several  other photochemical  processes and through effects upon the energy 

balance of  the p lants .  Here on ly one aspect of  the photophormat ive ef fects  of  radiat ion wi l l  be br ie f ly  d iscussed. 
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Photomorphogenesis and photoperiodism are affected by radiat ion in the red (maximal 

effect at about 660 nm) and infrared (maximal effect at about 739 nm) regions. The effect of red radiation can be re-

versed by infrared radiat ion and vice versa. The effect of a mixture of both qual i t ies depends upon the rat io between 

both f luxes. Therefore, these rat io values obtained wi th var ious lamp types ore here compared with the values for solar  

radiat ion.  

Spectral energy distributions for solar radiation and for radiation from various lamp types 

are plotted in f ig.  5 and 6 (ful l -drawn curves). To improve the comparabi l i ty, the amount of  photosynthetical ly act ive 

rad iat ion is  the some For a l l  curves.  For so lar  rad iat ion only one spectra l  energy d is tr ibut ion is  cons idered (that 

given by MOON, 1940), because the rat io of the intensit ies in the red and near infrared is rather constant in  natura l  

rad iat ion  (GAASTRA,  1966) .  

Compared wi th  the  sun,  a l l  l amps are  poor  in  in f rared rad iat ion .  The on ly  except ion  i s  

the incandescent lamp, which explains the use of this lamp for improving the spectral quality of other lamps. In this 

paragraph, the spectral  qual i ty obtained with such mixtures, is compared with the spectral  composit ion of solar radia-

t ion.  

The spectral composition obtained with a mixture of lamps is obtained as fol lows. The 

number of watts instal led per square meter is WI for the incandescent lamps, and WL for one of the other lamps. The 

F luxes  reach ing the  p lants  are  a funct ion  of  the  ef f i c ienc ies  CL  and C1  ,  w i th  wh ich  e lec t r i ca l  energy  is  conver ted in-

to radiant energy, and of the fract ion of the emitted f luxes reaching the plants (AL and A1) 

E L  4 0 0  -  7 0 0  W L C L  A L  (18a) 
 

E i  4 0 0  –  7 0 0  =  W i C i  A i  (l8b) 
 

Va lues  for  CL  ore  g iven in  tab le  2 ,  and that  for  C1  is  about  10 %. AL  i s  40  % (see  paragraph 3) ,  and the  some value 

is  accepted for  A l  .  Express ingl rY i  as Z % of  Wt . '  ,  g ives the fo l lowing f ract ional  contr ibut ion to the tota l  f lux for each 

of the lamp types : 

f o r  L  :  C L  /  (C L  +0 .1  Z )  (19a) 

f o r  i  :  0 . 1  Z /  ( C L  + 0 . 1  Z )  (19b) 

 The standardized curves for spectral energy distr ibution of the separate lamps (Ea ,L and ,1) ore mult ip l ied with 

the Factors given in Eqs. 19a and b. The standardized spectral  energy distr ibution for a mixture of lamps then is 

( E  l a m b d a  L  c L  +  0 . 1  E  l a mb da  I  Z /  ( c L  +  0 .1  Z )  (-20) 

The standardized values for mixtures of lamps are also given in Fig. 5 and 6. 

For comparisons of the potential  red and infrared effects of var ious lamps, the act ion spec-

tra of the photophorrnative processes should be considered. Since, however, an approximate comparison of natural  

and art i f ic ial  radiat ion is of interest, wavelengths with maximum effects (about 660 and 730 nm) are considered only.  

F ig.  5 and 6 show that  wi th a l l  lamps except incandescent lamps,  the intens i t ies  near 

730 nm are much be low those in so lar  radiat ion.  Addi t ion of  incandescent lamps up to  60 % of  the power insta l led 

in the other  lamps, g ives an apprec iable increase in inf rared radiat ion,  but the value of  solar  radiat ion then is  not 

yet reached. 

More deta i led informat ion is g iven in table 3,  where the intens i t ies  in the red and inf rared 

are expressed in per cent of those in solar radiation. For single lamps, the intensity in the red is between 27 and 210% 

of that in solar radiation, and for the infrared the range is between 24 and 3 %. 

Perhaps, the ratio between the intensities in the red and infrared is of more importance 



 

than the actual intensities in each region. Ratio values ore given in the last Four columns of table 3. For single lamps, 

E660/E730 is 5 to 20 or more times as high as for the sun. With the addition of 20 % incandescent lamps, for 6 lamp 

types the ratio is around 2 times that for the sun, and for the other types it is still up to 9 times as high. The lost co-

lumn shows that even with 60 % of the power added as incandescent lamps, the ratio for 6 combinations is still about 

2 to 3 times as high as for solar radiation, and for the other lamps range between 0.9 and 1.6. 

A detailed discussion of the differences between lamp types is not justified, because the 

spectral composition for lamps with the same type number is by no means constant. This probably is caused by the in-

troduction of new phosphors with better properties but, unfortunately, also with different emission characteristics. 

Differences occur also between lamps of the some type but produced by different manufacturers. Examples of such 

variations are given in the data For daylight-fluorescent lamps and for HPL-lamps in table 3 and fig. 6. 

In spite of these variations in spectral composition for lamps of the some type, the data 

clearly demonstrate the enormous difference in spectral quality between most lamps and solar radiation. If thequolity 

in the near infrared should approach that of the sun, large amounts of incandescent lamps should be added to most ty-

pes. Xenon lamps are a favourable exception, because their spectral energy distribution in the visible and near in-

frared region is very close to that of the sun. 

5.- FINAL REMARK .- 

The presented data should be considered purely as a comparison between natural and arti-

ficial radiation, in some physiologically important wavelength regions. The physiological consequences of 

differences in energy flux or spectral quality are not discussed. They will strongly depend upon other environmental 

factors, upon plant species, and upon the developmental stage of the plants. 
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TABLE 1 .- Relation between photometric and energy units for various lamps (E400_700/L erg sec-1 Lux 1);relation between 

absorbable Einsteins and incident energy for a "normal" leaf ( (Q 0/E) 400_700 Einstein erg-1) ; total flux of 

photosynthetically active energy emitted by lamps (100 E400.700/W x 107). Between brackets : relative values, taking 

the average for all lamps = 100. 

TL= Philips fluorescent tubes, 29 =worm white, 32 = w.w. de luxe, 33 = white, 34 = white de luxe, 55 =daylight, 

57 =daylight special. HPL = Philips high pressure mercury vapour lamp, with fluorescent coating. Xenon : Osrom 

xenon lamp. 

lamp type 
E 400-700/ L (Qa /  E )  400 - 700 100 E4 0 0 _ 7 0 0  

W x 10
7 

    13    
TL- 29/40 W 2.81 ( 79) 3.68x10  ( 99) 21.0 (116) 

32 3.71 (104) 4.09  (110) 17.6 ( 97) 

33 3.08 ( 87) 3.55  ( 96) 22.8 (126) 

34 3.73 (105) 3.78  (102) 18.7 (l03) 

55 3.72 (105) 3.60  ( 97) 20.0 (111) 

57' 4.21 (118) 3.65  ( 98) 19.4 (107) 

HPL/400 W. 3.02 ( 85) 3.57 
 

( 97) 15.5 ( 86) 

Xenon/6000 W. 4.24 (119) 3.79  (102) 10.0 ( 56) 

Sun 4.00 (112) 3.78  (101)   
 

2 

TABLE 2 . -  Electr ical  wat ts per m 
2 

of  the  lamp assembly  (W'wat t  m ) ,  to ta l  ou tput  o f  photosynthe t i ca l l y  ac t i ve  ener -  
gy by the lamp assembly (E400_700erg cm 2 sec 1); and efficiency of the conversion of electrical energy into photosynthetically 

active energy (100 E400_700/ (W x 10 7) ). 

The TL lamps are assembled in a horizontal plane, with 1 cm distance between the lamps. TLF =fluorescent lamp 

with internal reflector, HPLR = high pressure mercury vapour lamp, with fluorescent reflector. For other lamp spe-

cifications see Table 1. 

Lamp type W' 
E 400 - 700 1 00 E

4 0 0  7 00  

W x 10 - /  

  4  
T L - 33  / 4 0W  690 15.8 x 10 22.8 

T L - 3 3  / 8 0 W  1110 22.3 20.1 

TL-33 /120 W 1780 33.4 18.8 

TLF-33/120 W 1780 28.3 15.9 

8 x HPL / 400 W 3200 49.5 15.5 
8 x HPLR/400 W 3200 40.0 12.5- 

1 x Xenon / 6000 W 6000 59.3 10.0 
1 x Xenon /10000 W 10000 106.0 10.6 

 
lamps. TLF = fluorescent lamp with internal reflector, HPLR = high pressure mercury vapour lamp, with fluorescent 

reflector. For other lamp specifications see Table 1.- 



 

TABLE 3 .-Effect of the addition of incandescent lamps upon the spectral quality in the red (660 nm) and near in f ro-

red (730 nm). The intensities are expressed in per cent of those for sunlight, taking equal energy fluxes for the photo-

synthetically active region. 

/E 

( (100 E660, lamp + inc. 660, sun), For [400 _700, lamp + inc. = E400_700, sun ;  in the same way for E730). 

For each combination, the incandescent radiation added is expressed as the wattage installed in these lamps, in per 

cent of that installed in lamps of the other type. 

Lam p type. 

 % installed in Inc. amps r 

660/  730

 
0 % 20 % 40 % 60 % 

660 730 660 730 660 730 660 730 0 % 20 % 40% 40% 

TL-55 dayl. (new) 90 18 95 50 102 68 109 83 5,1 1.9 1.5 1.3 

Ti.-55 " (old) 81 4 89 30 98 49 106 65 20.8 6.0 2.0 1.6 

GE " 27 4 41 30 52 50 60 66 6.1 1.4 1.1 0.9 

TL-33 white 45 4 56 30 67 50 73 66 10.2 1.8 1.4 1 . 1 

TL-32 w,w. do luxe 206 3 206 28 206 47 206 64 73.6 7,4 4.4 3.2 

TL-29 w.w, 52 5 63 31 72 50 79 66 11.6 2.1 1.5 1.2 

IL-34 w.  de luxe 125 24 131 59 137 76 141 90 5.3 2.2 1.8 1.6 

TL-57 doyl.spec. 81 11 88 41 95 59 102 75 7.1 2.2 1.6 1_4 

Gro-Lux 210 
 

216 24 213 43 219 
60  9.1 4.9 3.7 

Phytor 150 3 152 28 153 47 155 64 55.6 5.5 3.2 2.4 

HPL 1961 139 7 141 35 144 53 148 69 
19.6 4.1 2.7 2.1 

HPL 1960 102 7 108 34 114 53 118 69 14.5 3.1 2,1 1.7 

HPL 1955 117 9 121 38 126 57 132 72 12.5 3.2 2.2 1.8 
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INFLUENCE OF CO
2

ON GROWTH AND YIELD OF OATS  DEPENDING 

O N  T E M P E R A T U R E  A N D  L I G H T  I N T E N S I T Y  

by 

P r o f .  E .  v o n  B O G U S L A W S K I ,  G i e s s e n . -  

The effect of the growing-Factors, especia l ly of some c l imatic factors upon the yie ld deve-

lopment cannot be observed iso lated,  that  i s independent of the ef fect  of other  foctors. (1) This i s the cause of  the 

impor tance o f  the  rcr t ios o f  the s ing le  fac tors to  another  ( fe r t i l i zer  ra t io) .  (4) .  From the great  number  o f  growing fac-

to rs  can be def ined,  wh ich have an espec ia l l y  narrow interac t ion. (1)  Such groups are  the chie f-nutr i  ents  n i t rogen,  

potash,  phosphorus and on the other  s ide the c l imat ic  Factors  l ight,  temperature and CO 2  content  of the a ir .  (2)  The 

factor water is  connected with both groups by i ts physio logica l  Funct ions. With respect to the latter group the older 

exper imental results were concerned especia l ly to measure the photosynthesis.  At the f i rst  t ime our new exper iments 

concerned the  who le  vegeta t ion per iod  and there fore  a l so  the  y i e ld -deve lopment .  The phy tot ron enab les  us  to  obser -

ve such exper iments throughout the  whole  vegeta t ion per iod .  We have found thereby that  the phenomenon o f the 

"comp lex  e f f ec t "  may  be  exp la ined  by  the  change  o f  t he  deve lopment ,  the  growth and  the  y ie ld -s t ruc ture ,  he re -

wi th the  tempora l - in f luence on the  y ie ld  deve lopment  in the  course o f  the  vegeta t ion per iod on the one s i  de ,  and 

to  the factors  o f  the y ie ld  deve lopment on the o ther  s ide  may be exp la ined (5) (3) Natura l ly  there remains a "res i -

dua l  comp lex"  o f  phys io l og ica l  p rocesses  which  may be exp lo indes  on ly  in  the  who le .  

Some t ime ago B .  BRETSCHNEIDER-HERRMANN has invest i ga ted the  i n te rac t i on  of  tem-

pera tu re  and  CO 2  - con ten t  o f  t he  a i r ,  va ry ing  n i t rogen  fe r t i l i z e r  a t  the  same t ime .  (6 )  An  inc rease  o f  t he  CO 2  c on-

tent  to  0 ,15 Vo l .  % led  to  an inc reas ing vegeta t i ve  growth and to  a  greater  he ight  o f  the  p lant ,  as  you can see  fo r  

1,2 g n i trogen from f igure 1. This  i s r ight as wel l  for the condi t ions of our  normal c l imate as for a +8° increased 

tempera ture -c l imate .  

An inf luence on the course of the development by CO2  was not to be observed (see table 1) 

Therefore the straw-yie lds cou ld be   increased by  the greater  CO 2  -content .  This  e f fect  was greater  by  inc reased 

temperature  than by the normal  temperature .  The 2n d  f igure  shows the y ie ld-curves which are  obta ined wi th  increas ing 

n i t rogen- fer t i l i zer  a t  the  same t ime.  The fac t  that  the  s t raw y ie lds  wi th a + 8° h igher  temperature  were  lower 

in general  may be explained by the fact,  that th is temperature was not more optimal for oats and by the great deve-

lopment-acce lerat ion therewi th  e f fec ted.  By  an  increase of  CO 2 -content  th i s  decrease caused by  the  temperature  

can be compensated to a certa in extent .  This  agrees  wi th the resul t  o f  LUNDEGARD who had observed,  that  wi th  h igher 

temperature  a l so a h igher CO 2  concentra t ion has an e f fec t .  

We were surpr i sed that  in both temperature ranges the gra in-y ie lds  o f  oats could not  be 

increased by  increas ing CO 2  - content but  were  decreased espec ia l l y  wi th  the lower  n i t rogen leve ls  and reached wi th  

h i ghe r  n i t r ogen  l e ve l s  t he  y i e l d  o f  t he  va r i an t s  "w i t hou t  CO 2  - i n c r ease " .  The se  y i e l d s  we re  w i t h  t he  no rma l  c l ima te  

in  the  max imum-range and  wi th  the  + 8°  h igher  c l ima te  a l ready  in  the   depress ion-range o f  the  y i e ld  curve .  There -

fo re  t he  fu r the r  CO2- inc rease  had  in f l uenced  the  g ra in  deve lopment  i n  t he  ascend ing  pa r t  o f  t he  y i e ld - cu rve  i n  a  

negat ive sense. This  was espec ia l ly  the fact wi th the h igher s t raw-development in the combinat ion of 8° h igher tem-

pera ture  and a  h igher  CO 2  - content ,  i n  wh ich  a l so  h igher  n i t rogen leve l s  cou ld  not  compensate  th i s  negat ive  i n f l uen-

ce .  By  an i nc rease  o f  CO 2  there fore  a  dec rease  o f  the  gra in  produc t ion pe r  un i ty  o f  s t raw (gra in /s t raw)  was  observed  
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as  you can see  f rom tab le  2 .  Now af te r  we hod found,  that  the  in f luence of  the  CO2  -concentrat ion  on the  deve lop-

ment can be neglect-ed, there is the question, whether a var iat ion of the temperature and in the same t ime of the ni-

trogen fert i l izer has an effect on the development. We know from other exper iments, that nitrogen accelerates the 

development in  the ear l ier  s tages,  whi ls t  i t  retardes the deve lopment in  the maturat ion-phase, that is  in  the phase of 

the gra in deve lopment.  Here we F ind opt imal  curves.  In our experiments  we Found a retardat ion wi th increas ing ni -

trogen ferti l izer as you can see From table 1. So we cannot explain the low yields of the grains by this Fact. Also the 

d i f ferentiat ion of the inf lorescens,  that is  therumber of  the gra ins per panic le agrees wi th a retarding ef fect  of  the 

n i t rogen and cannot  expla in  the  lower  gra in  y ie lds .  As we can see f rom tab le  2  by  the   inc rease  of  CO2  the number  of 

gra ins per part ic le  was increased in both temperature- levels .  Therefore the lower gra in y ie lds  resu l t  only  f rom the 

lower  1  000-gra in-  we ight .  The inc rease  of  the  temperature  - th is  to  a  greater  ex tent-  and the  CO2  - increase  ef fect  in  

the some di rect ion a worse gra in development.  We can seek out the cause of  th is  fact and therewith a lso the lower 

gro in y ie lds in  the worse use of  the n i trogen fer t i l i zer for  the gra in development.  In spi te of higher s traw-y ie lds  and   

better ut i l i zat ion of  the absorbed ni trogen the ni t rogen-use is  decreased with CO2  supply.  Probably this  is  a conse-

quence of the vegetative growth process caused by the CO2 concentration,so that the development of the greater grain-

number is  reduced. Th is  would be poss ib le  a lso independent of  the temporal  in f luence of  the temperature upon the 

course of the vegetat ion.  

Our new experimental  ser ies  treats  the connect ion of  CO2  -content in  the a i r  and the 

in tens i ty  o f  the  l i gh t .  The  CO 2  - c on t en t  was  i n c reased  to  0 ,30% vo l .  % and  compared  w i th  the  no rma l  con ten t ,  

whi le  the l ight intensi ty  was increased to 25.000 Lux and compared wi th 20.000 Lux (  "normal"-c l imate}.  S ix  harves-

ting-times were employed with a nitrogen level of 1,6 g N/pot. The most important results you con see From Figure 3. 

Already in an ear l ier stage of the vegetat ion we f ind s ignif icant dif ferences in development and moss-growth, which 

increased in the vegetat ion.  

As wel l  the increase of the l ight- intensity as of the CO2  -concentrat ion increased the 

y ie ld  and a t  the  end  of  the  vege ta t i on  the  CO2  -e f fec t  was  s ign i f i can t l y  be t te r  than  that  o f  the  l i gh l  in tens i ty .  In  

the contrast to the normal c l imate the two factors can therefombe compensated on the base of the other condit ions 

during the whole vegetation period. The vegetation time resp. the development was shortened for  2 - 6 days by the 

h igher l ight- intensi ty  in  the presence of  CO2  th is  ef fect was removed. The increase of  n it rogen had again retarded 

the development to some extent. 

The clear picture thus obtained is again complicated -in analogon to the former expe-

rimental  series- by the different inf luences upon straw and grain. By an increase of the l ight-intensity both the com-

ponents  were  increased in  a  s im i lar  manner  as  you can see in  tab le  3  for  the  fac tor  gra in/s t raw.  For  the  2 ,0  g N-

level  th is factor  is even increased. By the higher CO2  -concentrat ion the  grain y ie lds are ei ther decreased or only  

increased to a smal l  extent, whi le the straw yie lds are increased to a great extent. This was also the case in the For-

mer experimental  -  ser ies .  With the combinat ion of  l ight and CO2 -supply these changes were found more s ign i f icant, 

so that a lso in  th is  case the lower factors  were calculated for  the rat ion gra in/straw. The gro in number per panic le  

i s  a lso increased by an CO2 - increase in accordance to the former exper imenta l  ser ies .  So the lower gra in y ie lds  may 

be deduced from a lower 1000-gra in- weight. 

An except ion  f rom the  jus t  to ld  facts  cou ld be  observed wi th  the  h ighes t  n i t rogen leve l  

o f  2 ,0  g/pot .  Th is  leve l  in f luences  w i th  h igher  CO2  -concen tra t i on  aga in  an  increas ing  gra in  y ie ld  so  tha t  the  y ie ld  

curve  becomes s teeper  and S-shaped.  Whi le  w i th  the  l ight  in tens i ty  on ly  the  inc rease  of  the  y ie ld-curve  looks  l ike we 

would expect, and has already a depress ion for "normal c l imate", the Factor grain/straw and the 1000-groinweight are 

much more better. 

The phenomenon just told may be the key for an exploration of the dependences 

In both the experimental  serieses a strong overweight of the vegetative parts of the 



 

plant in  the sense of  a "phys iologica l  change" is  exc i ted by the  increase of the CO  -content of  the a i r .  In sp i te  of 

the increase of the grain number per panic le we f ind lower groin yie lds because of the bad development of the grain,  

that is a worse 1000-grain-weight. This depends at the same time from the worse nitrogen-uti l ization for the grain 

development. For this development a re lat ive nitrogen-def ic iency ar ises with lower nitrogen levels,  whi le higher ni-

trogen leve ls  help to remove th is  def ic iency,  so that the gra in y ie lds increase.  In the f i rs t  exper imental  ser ies  we 

could observe this only weakly, because the higher temperatures had a negative effect on the yield of oats. In the 

second series this phenomenon could be observed better, because in this series l ight-intensity and CO2 -increase worked 

in the same direction (positive). In the r ight combination (relation) of these two factors the CO2 factor seems to be 

crucial  for the form of the complex-effect.  

DISCUSSION .- 

Koller .-in experiences it is not sufficient to have two points or two concentrations of any one factor because you 
m7:17—ge working on two sides of the optimum and get misleading results. At least three points would be required 
before you can draw any conclusions. 

Baguslovsky .- We have results of al l  factors and I would only soy to demonstrate that when you wil l  have a conclu-
sion you must have not only one factor but two or three cases and on the other side you must hove a curve and when 
you have a curve you cannot have a mistake for the conclusion. 
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G E N E T I C  V A R I A T I O N  I N  D E V E L O P M E N T  R E S P O N S E S  T O  L I G H T  A N D  T E M P E R A T U R E  

by 

D r  J . P .  COOPER ,  We l sh  P l a n t  B reed i ng  S t a t i o n ,  Abe r y s twy t h .  

It has been emphasized several t imes in these meetings that the design of a phytotron wil l  depend 

very large ly  on the  purpose fo r  wh ich  i t  i s  to  be used.  I  would ,  there fore,  l i ke to  d i scuss some o f  the ways in which 

cont ro l led env i ronments  can be used in  s tudy ing genet i c  var ia t ion in crop p lants and a l so the  way in which i t s  use a 

breed ing programme wi l l  a f fect  some of the points of  design. 

Crop produc t ion i s  bas ica l l y  the  use o f  so la r  ene rgy to  p roduce  human foods tu f f s  o r  i ndus t r i a l  

raw mater ia ls,  and the pr imary c l imat ic l imi t to product ion is therefore the seasonal  d is t r ibut ion of  energy in any par-

t i cu l a r  l oca l i t y .  The  ab i l i t y  o f  the  p lan t  to  make  use  o f  t h i s  ene rgy  can ,  however ,  be  res t r i c ted  by  two  o the r  impor -

tan t  c l imat i c  fac to r s ,  l ow tempera tu re  and  wate r  supp ly .  The  p lan t  b reeder  i s  t he re fo re  bas i ca l l y  conce rned  to  de -

ve lop  var i e t i es  wh ich  possess  those  phys io log ica l  responses  whi ch g i ve  the mos t  e f f i c i ent  convers ion o f  h i s  seasona l  

range o f  energy  income,  and  a t  the  some t ime are  e i ther  to le rant  to  o r  avo id  any l im i ta t ions  o f  co ld  or  d raught .  Ge-

net i c  var ia t ion  prov ides  the raw mater ia l  fo r  any breed ing programme and a  knowledge o f  the  var ia t ion in response 

to c l imate in his  crops and in re lated wi ld  species i s  therefore very important in p lanning advanced programmes of  

p lant  i n t roduc t ion,  se l ec t ion  or  b reed ing .  

Such study involves three levels of invest igation on the part of the breeder and the crop phy-

s io log i s t ,  f i r s t l y ,  an invest i ga t i on o f  the  c l imat i c  l im i t s  to  produc t ion in  h i s  pa r t i cu la r  loca l i ty  in  te rms o f  so l a r  ra -

d ia t i on  income th rough  the  yea r ,  t empera tu re  l im i t s ,  and  wa te r  supp ly ,  second ly ,  a  su rvey  o f  the  f i e l d  pe r fo rmance  

of  var iet ies of  his  crops and of  c lose ly  re lated wi ld  spec ies ,  and th i rd ly ,  a  s tudy of  the physio logical  bas is of  these 

d i f f e r ences  i n  p e r f o rmance  w i t h  a  v i ew  to  se l e c t i ng  ma te r i a l  w i t h  i n c r eased  phys i o l og i ca l  e f f i c i ency .  I t  i s  a t  t h i s  

th i rd s tage that  the  phytot ron can be most va luab le  as an exper imenta l  too l  in a  programme of c rop improvement.  

I would l ike now to give a short outl ine of this sequence as appl ied to the grass breeding pro-

gramme at Aberystwyth wi th part icular reference to the problem of winter  product ion. This problem is  of  cons iderable 

economic  impor tance  i n  B r i t a i n ,  and  a t  t he  same  t ime  i s  o f  bas i c  phys io log i ca l  i n te res t .  A t  the  h i gh  l a t i tude  o f  52°N.  

the  ma in  l im i ta t i ons  to  p roduc t i on  i n  t he  w in te r  a re  ( i )  o  l ow energy  i ncome,  o f ten  l e ss  t han  50  ca l / cm 2 /day ,  com-

pared to  a  summer f igure  o f  between 450 and  500 ca l / cm 2 /day  and ( i i )  low temperatures ,  a l though no t  usua l l y  low 

enough to  requ i re  ex t reme co ld  res i s tance .  The  mean January  temperature  a t  Aberystwy th i s  about  5°C.  wh i ch  i s  no t  

low by cont inenta l  s tandards.  An important  product ion problem is  therefore to make the most  ef f i c ient  use of  this  low 

energy income in the winter.  In recent years,  at tent ion has been given to the possib i l i ty of  using Medi terranean eco-

types  o f  many of  our  impor tant  fo rage grasses  such as  Lo l ium perenne,  Dac ty l i s  g lomera te  and Festuca arundinacea  

( Bo r r i l l  1961  ;  Kn i gh t  1963 ) .  A  numbe r  o f  co l l e c t i n g  e xped i t i o n s ,  i n c l ud i ng  a  j o i n t  CS IRO/FAO  Exped i t i o n ,  h a ve  

brought  back  mater ia l  wh ich  on  be ing  tes ted  a t  Aberystwy th  and the  Grass land  Research  Sta t ion  a t  Hur l ey  and  e l se -

whe re ,  showed ,  i n  mos t  yea r s ,  i nc reased  p roduc t i on  dur i ng  the  months  o f  Janua ry ,  Februa ry  and  ea r l y  March  compa-

red to ind igenous Br i t i sh var iet ies .  

These f ind ings ra ised two important  problems (1)  what i s the phys io logica l  bas is of  th is  increa- 
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s ed  w i n t e r  p e r f o r manc e  and  ( 2 )  ho w  c a n  we  be s t  u s e  i t  t o  imp ro v e  ou r  e x i s t i n g  v a r i e t i e s .  I  w i l l  b r i e f l y  d e s c r i b e  t h e  

s equen ce  wh i ch  w e  hav e  adop t ed  i n  s t ud y i ng  t h i s  ma t e r i a l  ( Coope r  196 5 ) .  F i r s t l y ,  we  ne eded  i n f o rma t i o n  on  t he  c l i -

ma t i c  b a c kg r ound  and  p a r t i c u l a r l y  t h e  c l im a t i c  l im i t a t i o n s  t o  p r oduc t i o n .  I n  t h e  Med i t e r r an ean  env i r o nm en t  o f  A l g i e r s  

we f i nd  a  r ange  in  t he  ene rgy  in come f rom about  250  ca l / cm 2 /day  i n  w in t e r  to  700  o r  750  i n  t he  summer .  The  co r r es -

pond i ng  F i g u r e s  f o r  Abe r y s twy t h  r an ge  f r om  abou t  5 0  c a l / cm 2 / d o y  i n  t h e  w i n t e r  t o  4 00  i n  t h e  s umm er ,  s o  t h e  p o t en t i a l  

p r o d u c t i o n  f o r  a n y  c r o p  i n  t e r m s  o f  e n e r g y  i n c o m e  i s  h i g h e r  i n  A l g i e r s  t h a n  i n  Ab e r y s t w y t h .  O n  c o n s i d e r i n g  t h e  o t h e r  

l i m i t s  t o  p r o d u c t i o n ,  h o w e v e r ,  w e  f i n d  t h a t  e x c e p t  u n d e r  i r r i g a t i o n  c o n d i t i o n s  p r o d u c t i o n  i s  l i m i t e d  i n  A l g i e r s  i n  

s u m m e r  b e c a u s e  o f  d r o u g h t ,  b u t  t h e r e  i s  l i t t l e  o r  no  w i n t e r  l i m i t a t i o n  d u e  t o  l o w  t e mp e r a t u r e .  I n  A b e r y s t w y t h ,  o n  

t h e  o t h e r  h a n d ,  t h e  m e a n  t e m p e r a t u r e  f a l l s  t o  ab o u t  5 ° C .  i n  J a n u a r y ,  w i t h  a n  a p p r e c i a b l e  e f f e c t  o n  c r o p  g r o w t h .  I n  

t h e  e a s t  o f  B r i t a i n  t h e  s i t u a t i o n  i s  mo r e  e x t r eme  and  w i n t e r  t empe r a t u r e s  a r e  mo r e  l im i t i n g .  T he  t o t a l  a v a i l a b l e  r a d i a -

t i o n  p e r  a n n u m ,  ho w e v e r ,  i n  t h e  a b s e n c e  o f  i r r i g a t i o n ,  i s  n o t  v e r y  d i f f e r e n t  i n  t h e  t w o  l o c a t i o n s  s i n c e  i n  A l g i e r s  i t  i s  

ma i n l y  w i n t e r  r a d i a t i o n  wh i c h  i s  a v a i l ab l e  a nd  i n  Abe r y s twy t h  s ummer  r a d i a t i o n .  

The f ie ld performance of a adopted var iet ies f rom these contrast ing c l imates has a l ready been 

men t i oned .  I n  Lo l i um,  F es tu co  and   Da cy t l  i s ,  ag ronom i c  t r i a l s  show mo re  a c t i v e  l e a f  g row th  du r i ng  t he  w in t e r  i n  t h e  

No r t h  A f r i c an  ma t e r i a l  t h an  i n  t h e  i n d i g enou s  B r i t i s h  v a r i e t i e s .  

The  phy s i o l o g i c a l  a na l y s i s  o f  t h e s e  d i f f e r en c e s  i n  w i n t e r  p r odu c t i o n  i n vo l v e s  bo t h  g l a s s hou se  

and  phy t o t r o n  s t ud i e s .  T he  f i r s t  s t a ge  was  t o  t a k e  t y p i c a l  Med i t e r r anea n ,  ma r i t ime  a nd  n o r t h  Eu r opean  e co t y pe s  o f  

t hes e  t h r ee  sp e c i e s ,  Lo l i um pe renne ,  Dec r y l i s  g l ome ra t e  and   Fes t uca  a r und i na cea ,  and  s t udy  t he i r  g rowt h  and  deve -

l o p m e n t  i n  a n  u n h e a t e d  g l a s s h o u s e  t h r o u g h  t h e  y e a r  ( M a c C o i f  1 9 6 5 ) .  W e  u s e d  t h e  c l a s s i c a l  g r o w t h  a n a l y s i s  t e c h n i -

q u e s  o n  s e r i a l  s ow i n g s  m a d e  o v e r  a  p e r i o d  o f  t w o  y e a r s ,  a n d  f o u n d ,  a s  m i g h t  b e  e x p e c t ed ,  t h a t  t h e  r e l a t i v e  g r o w t h  

r a t e  w a s  l o w e s t  i n  J a n u a r y ,  i t  r o s e  t o  a  m ax i m u m i n  J u n e  o r  J u l y  a n d  f e l l  a g a i n  i n  D e c e m be r .  T h e  s e a s o n a l  c u r v e  was  

t he  some fo rm fo r  t he  Med i t e r r anean and  no r the rn  mate r i a l ,  bu t  i n  the  w in t e r  t he  r e la t i v e  g rowth  ro t e  o f  the  Me-

d i t e r r an ean  e co t y p e  was  c on s i d e r ab l y  h i g he r  t h an  t h a t  o f  t h e  No r t he r n .  B y  g r ow t h  an a l y s i s  t e chn i que s  we  c a n  ana l y s e  

t h e  r e l a t i v e  g r ow th  r a t e  i n t o  ne t  a s s im i l a t i o n  r a t e ,  wh i ch  i s  a  mea su r e  o f  p ho t o s yn t he t i c  a c t i v i t y  p e r  un i t  o f  l e a f  a r e a ,  

a n d  i n t o  l e a f  a r e a  r a t i o ,  w h i c h  i s  a  m e a s u r e  o f  t h e  p r o p o r t i o n  o f  t h e  p l a n t  w h i c h  i s  p h o t o s y n t h e t i c a l l y  a c t i v e .  T h e  

c u r v e  f o r  n e t  a s s im i l a t i o n  r a t e  f o l l ow e d  v e r y  c l o s e l y  t h a t  f o r  i n c o m i n g  r a d i a t i o n ,  b u t  t h e r e  w a s  l i t t l e  i f  a n y  d i f f e r e n c e  

i n  t h e  n e t  a s s i m i l a t i o n  r a t e  b e t w e en  t h e  d i f f e r e n t  e co t y p e s  ;  i f  a n y t h i n g ,  t h e  n o r t h e r n  e c o t y p e s  w e r e  s l i g h t l y  h i g h e r  

i n  t h e  w i n t e r .  L ea f  a r e a  r a t i o ,  h ow e v e r ,  s h o w e d  t he  r e v e r s e  p i c t u r e ,  b e i n g  h i g h e r  i n  t h e  w i n t e r  a n d  l ow e r  i n  t he  

summer ,  w i t h  a  sma l l  amp l i tude  in  t he  nor thern  va r i e t i es  bu t  ve ry  l a rge  seasona l  d i f f e r ences  in  the  Med i t e r ranean 

ma te r i a l .  The  con c l u s i o n  d rawn  f r om  th i s  wo rk  i s  t h e re fo r e  t ha t  t h es e  d i f f e r en ces  be tween  t he  Med i t e r r anean  and  no r -

t h e r n  e c o t y p e s  i n  w i n t e r  g r o w t h  r a t e  w e r e  b a s e d ,  n o t  o n  d i f f e r e n c e s  i n  p h o t o s y n t h e t i c  a c t i v i t y ,  b u t  o n  t h e  d i f f e r e n c e  

i n  expans i on  o f  t h e  l e a f  su r f a c e  unde r  w in t e r  cond i t i on s .  

Th i s  d i f f e r en ce  i n  l ea f  expan s i on  cou l d ,  howeve r ,  be  a  r e spon se  t o  pho tope r i od ,  t o  t o t a l  l i gh t  

ene rgy  o r  t o  t empera t u r e ,  t o  t he  nex t  s t age  o f  t he  wo rk  was  c a r r i ed  ou t  i n  con t r o l l ed  env i r onmen t s  i n  wh i ch  t hese  e f -

f e c t s  cou ld  be  sepa ra t ed  (Cooper  1964 ) .  The  f i r s t  s tep  was  to  measu re  l ea f  expans ion  a t  a  se r i es  o f  con t ro l l ed  t empe-

r a t u r e s  ( 5 ° ,  1 0 ° ,  2 0 ° ,  3 0 °C . )  i n  a  1 6  hou r  pho t ope r i o d  o f  a bou t  8 00  f t .  c and l e s .  We  Foun d  t ha t  t h e  op t imum t empe -

r a t u r e  f o r  e x p a n s i o n  o f  t h e  l e a f  s u r f a c e  i n  a l l  v a r i e t i e s  w a s  a b o u t  2 0 ° C . ,  w i t h  a  r e d u c t i o n  a t  1 0 °  a n d  e v e n  m o r e  s o  a t  

5 °C .  The r e  we r e ,  howeve r ,  r e gu l a r  d i f f e r en ce s  b e twe en  t he se  e co t y pe s  i n  t h e  d eg r ee  o f  r edu c t i o n  a t  l ow  t empe r a tu re s .  

Compa r i ng  A l g e r i a n  and  Dan i sh  r y eg ros s ,  f o r  i n s t an ce ,  l ea f  expans i on  was  s im i l a r  f o r  bo t h  e co t ype s  a t  t he  op t i m u m  

t e m p e r a t u r e ,  b u t  a t  5 ° C .  t h e r e  w a s  a  t h r e e - f o l d  d i f f e r e n c e  i n  f a v o u r  o f  t h e  A l g e r i a n  m a t e r i a l .  W e  a l s o  s t u d i e d  t he  

e f f e c t  o f  supp l emen ta r y  pho tope r i od ,  con t i nuous  l i gh t  c ompa r ed  t o  8  hou r s ,  on  t h es e  e co t ypes ,  bu t  f o und  no  d i f f e r en t i a l  

r e s pon se s  t o  pho t ope r i o d  i n  t e rms  o f  l e a f  e x pan s i on .  T h i s  d i f f e r en ce  i n  w i n t e r  g r ow t h  t hu s  s e ems  t o  b e  l a r g e l y  a  

r e s p o n s e  t o  t e m p e r a t u r e ,  w h i c h  a c t s  d e v e l o p m e n t a l l y  o n  l e a f  l e n g t h  ( i . e .  c e l l  e x p a n s i o n )  r a t h e r  t h a n  o n  l e a f  w i d t h  o r  

r a t e  o f  l e a f  a ppea r an ce .  



 

A further part  of  the invest igat ion which was a lso carr ied out in contro l led env ironments was  

to measure the rates of photosynthesis and respiration of these ecotypes (Eagles 1960. This has so far only been done 

for two varieties of  Lol ium perenne, one from Lithuania and one from Algiers. The photosynthesis response curve was 

Fair ly f lat  for bath the northern and Mediterranean material  over the temperature range 5°, 10°, 20° and 30°C., but 

there was an indicat ion of  a higher opt imum temperature for  the Medi terranean ecotype. The d i f ferences in respi ra-

t ion rate,  however,  were qui te  marked. At low temperatures (5°C.) ,  the northern ecotype had a much lower respi ra-

t ion rate than the Medi terranean, and at the same t ime accumulated high concentrat ions of  soluble carbohydrate at  

the base of the shoot,  where as the Mediterranean material  showed rather less accumulat ion. 

The conc lus ions that we can draw are that these d i f ferences in winter  growth in the f ie ld,  are  

due not to differences in rate of photosynthesis between the two climatic groups, but to variation in the way in which 

ass imi lates are used. In the Medi terranean mater ia l ,  ass imi lates appear to be used act ive ly  for leaf  expans ion wi th a 

high respiration rate but less accumulation of soluble carbohydrates. In the northern material,  the assimilates are not  

mobil ized for leaf expansion, the respiration rate is low, and carbohydrates are built up in the base of the shoot, with 

associated frost resistance. 

This type of  invest igation outl ined above shows that phytotron equipment can be of  considera-

ble importance to the genetic ist and plant breeder both in the analys is of h is breeding material  and in the development 

of screening tests. Such work, however, make certain demands on the design of control led environments 

( i l l  we are concerned with comparing var iet ies, or segregating fami l ies, and therefore need large 
rooms ,  though  poss ib l y  a  sma l l e r  number  s ince  we  o re  i n te res ted  p r imar i l y  i n  a  sma l l  e r  
of stress environments. 

( i i )  s ince at a lat i tude of 52°N. we have a large seasonal f luctuation in energy income, we need 
high intensit ies of art i f ic ial  l ight in order to have contro l led and reproducible energy input. 

( i i i )  for screening purposes we are not interested in very close control of temperature and for many 
of our purposes humidity control is not particularly important. 

D ISCUSS ION  

Birch . -We are carry ing out work on North Afr ican fescues at Cambr idge a lso and Dr Cooper 's  paper brought up seve-
ra l  interest ing points .  I  th ink i t  important to  show that the resul ts  being obtained in art i f i c ia l  con-
di t ions are s imi lar to those that one would expect in  natura l  envi ronment.  Eventual ly  i t  i s  hoped that  
the art i f i c ia l  env i ronment wi l l  be used for  se lect ing grasses for  winter  product ion as wel l  as  g iv ing an 
indicat ion of the physiological  basis for the di f ferences between these species or var iet ies. Any 
par t i cu lar  se lec t ion must  be car r ied out  under  a  spec i f ied  se t  o f  condi t ions ,  fo r  the  re la t i ve  supe-
r iot i ty  of  di f ferent var iet ies depends upon the envi ronment in which the select ion takes p lace.  We 
have carr ied out a ser ies of exper iments in which we have taken the plants gradual ly from the un-
contro l led envi ronment in the f ie ld and by a ser ies  of  s teps put them into contro l led env i ronments .  
There are two pr inc ipal  ways in which you can examine the effect of  env i ronment on a plant ;  f i rst ly , 
you can make a di rect analys is of the natural  environment and the growth of the plant, secondly, you 
can grow the p lant  under  a  range of  contro l led env i ronments .  In  the  f i r s t  approach,  the  d i f f i cu l ty  i s  
that c l imat ic  var iables tend to f luctuate together.  I t  i s  d i f f i cu l t  to separate out the effects  of  d i f ferent 
var iables ,  and in addi t ion e laborate equipment is  required for  cont inuous record ing of  the 
environment. In the second approach you have to know the exact levels of environmental  factors that 
need to be control led. 

We have, therefore, grown plants during the autumn in the natural environment outdoors and 
noted the  date when the  d i f ference  in  re la t i ve  growth rate  between the  North  Af r i can fescue and 
the Br i t i sh 5.170 f i rs t  appears . We recorded the envi ronment at that t ime, inc luding l ight intens i ty , 
day length, and night and day temperatures. The next step was to control the least variable of these 
factors ,  in  th is  case,  n ight temperature.  Having def ined the n ight temperatures,  which would resu l t 
in a difference between these two varieties under natural conditions, the material  was then trans- 
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ferred completely into the controlled environment. The results that we have obtained to dote differ 
somewhat from Dr Cooper's. We find that the difference between our two varieties appear to be re-
lated to net ass imi lat ion rate.  The North Afr ican var iety has a h igher leaf  area rat io than the Br i -
t ish var iety, but this is re lat ively smal l  compared to the large di f ferences in net ass imi lat ion rates. 
We have also studied the effect of day-length in the glasshouse, using supplementary low intensity 
light under different night temperature regimes. Under high night temperatures, supplementary low 
intens i ty l ight of  50 f t .  candles for  6 hours tr ip led the dry weight of  the Br i t i sh var iety in a matter  
of two months. 

Lang .- I th ink you have brought up one very important point ;  how can the results of phytotrons be projected back 
into nature,  i .e .  to what extent i t  is  poss ib le to dupl icate natura l  condi t ions ? 

Wassink .- I am surprised that there is so l i tt le temperature effect on photosynthesis. That would, in my opinion, mean 
that there is o strong l imit ing factor, such as l ight intensity, or CO2  def ic iency - is  that poss ible ? 

Cooper . -  Th is  part i cu lar  run was  carr ied out  at  be tween 800 and 1000 f t .  cand les ,  so the  l ight  energy is  ce rta in ly  
low. We are extending this work using stronger l ight sources, but are st i l l  in the process of bui ld ing 
a  c i r cu i t  wh i ch  w i l l  e l im inate  CO dep le t i on .  

2 

Wassink .- This is the logical consequence of the shape of the photosynthesis curve which has the temperature inde-
pendent part at  low l ight intensit ies, and the temperature dependent port at high l ight intensit ies. 

If  your l ight is l imit ing, i t  is not quite  c lear whether there is o di f ference in photosynthesis 
between the two strains with regard to temperature ; i t may simply be in respiration. 

Cooper .-  The data refer to true photosynthesis,  corrected for respirat ion.  

Boguslawski.- I would ask if you have different levels of nitrogen in this experiment, because we have a type of Me-
diterranean wheat which shows a great effect in the response to low temperature when you give i t 
more nitrogen. 

Cooper .- This work refers to seedling material  grown at fair ly high levels of nitrogen in the standard John Innes com-
post which we use for most of our experiments. In connection with the effect of a low intensity sup-
plementary i l lumination on increased growth, we also find that using a supplementary low intensity 
tungsten l ight of 40 to 50 ft.  candles gives a marked increase in leaf expansion. A greater dry 
weight may result simply from an increase in leaf surface rather, than in photosynthesis. 

Lang.- I  th ink the point that Dr.  Wassink brought up deserves great  at tent ion in that greatest  response wi l l  be obtained 
in condi t ions not l imi ted by other factors.  Pre l iminary compar isons between di f ferent a l fa l fa s tra ins 
in our phytotron,  for  example,  hove shown that the l ight intens i ty made a large d i f ference as to 
whether the temperature response of the di f ferent strains become apparent or not. We found very 
l i t t le  d i f fe rence in  g lasshouse cond i t ions ,  but large d i f fe rences  at  the  h igher  l ight  in tens i t ies  of 
the growth rooms. 
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P R O B L E M S  O F  F U N D A M E N T A L  A N D  A P P L I E D  P L A N T  P H Y S I O L O G Y  

WHICH REQUIRE CONTROLLED ENVIRONMENT  

by 

P r o f .  K . K .  N A N D A  D e p a r t .  o f  B o t a n y ,  P a n j a b  U n i v e r s i t y . -  

In  the sess ions on the "Round Table on Phytot ion i cs"  he ld yesterday and th i s  morn ing,  var ious spea-

kers descr ibed the essent ia l  features of  d i f ferent phytotrons that have been bui l t  for  var ious research purposes in d i f -

fe rent  par t s  o f  the  wor ld .  The  techn i ca l  p rob lems re la t i ng  to  the  cont ro l  o f  d i f fe rent  fac tor s  o f  env i ronment ,  the  va -

r ious d i f f i cu l t i es that  were met w i th in the des ign o f  these contro l s  and the manner these d i f f i cu l t i es were overcome, 

were a lso brought out  dur ing these sessions.  These discussions are usefu l  for  a l l  concerned with phytotronics in some 

way or the other  but  are of  part icular  s igni f i cance to those of  us who,  a l though do not  possess such fac i l i t ies at  pre-

sent ,  expect  to  have them in a not  d is tant  future.  The negot iat ions for  construct ion of  a phytotron in Ind ia wi th the 

ass i s tance o f  the Government o f  Austra l i a  a re  a l ready in  progress and we hope to benef i t  a  lo t  f rom these exper iences.  

A l l  t ho se  who  p l an  t o  bu i l d  a  phy to t r on  a r e  con f r on ted  w i t h  t he  p rob l em o f  de c i d i n g  upon  t he  t y pe  i t  

shou ld  be .  Shou ld  i t  be  o f  Pasadena type  w i th  a  number  o f  rooms ma inta ined a t  se t  cond i t ions  and wi th  p rov i s i on o f  

t ro l l eys  fo r  t rans fer r ing  p lants  f rom one cond i t i on  to  anothe r  ;  o r  shou ld  i t  have a  la rge number  o f  cab inets  each 

unde r  i nd i v idua l  con t ro l  and  each  capab le  o f  p rov id ing  a  w ide  r ange  o f  cond i t i ons  so  tha t  p l an t s  a re  no t  r equ i r ed  to  

be sh i f ted  as in Canberra or  should i t  be a "super  type" wh ich i s  less  expens ive  but  in which the  cont ro l  may be less 

prec i se.  The d i scuss ions  o f  yes terday and th i s  morning have revea led  that  there  i s  no ready made prescr ipt ion or  s tan-

dard  o f  a  phy to t ron wh ich  may be recommended to  be  bu i l t .  What  t ype i t  shou ld  be  ve ry  much depends  upon the  type  

o f  work that  i s  to  be carr ied and the mater ia l s  that  a re to  be worked wi th.  Accord ing to  Lang (1)  before des ign ing a 

phytotron i t  i s absolute ly essent ia l  to def ine in broad but s t i l l  spec i f i c  terms the research purposes which i t  i s to serve.  

Whi le  i t  may be t rue in pr inc ip le  i t  i s  very d i f f i cu l t  to  def ine even very broad ly  the research projec ts that  wi l l  be  un-

de r taken ,  as  i n  a  coun t ry  l i k e  Ind ia  wh i ch  can  no t  a f fo rd  a  sepa ra te  phy to t ron  fo r  each  r esea r ch  purpose ,  the  fac i l i -

t i e s  o f  the  same phyto t ron w i l l  have to  be  used  fo r  p rob lems,  very  d ive rse  i n  nature  and i nvo l v ing  i nves t iga t ions  on 

d i ve r se  p lan t s .  The  des ign  o f  t he  phy to t ron ,  t he re fo re ,  w i l l  have  to  be  adequa te l y  f l ex ib l e  so  tha t  d i f fe ren t  p rob l ems 

can be under taken wi thout  i nvo l v ing  any ma jo r  changes i n  the  des ign.  

The prob lems in  p lant  phys io logy ,  both fundamenta l  and app l i ed ,  wh ich  requ i re  cont ro l  o f  env i ron-

ment are numerous.  These were adequately  d iscussed in a symposium on "Envi ronmenta l  Contro l  of  P lant  Growth" that  

was  he ld  to  ce lebera te  the  success fu l  des ign  o f  the  "CERES" ,  the  Canber ra  Phy tot ron,  in  September  1962.  In  v i ew 

o f  the  exhaust i ve  account  tha t  i s  ava i l ab le  on this top ic  (2 ) ,  I  have dec ided to  d i ver t  a  l i t t l e  and to  d i scuss  in  th i s  

paper  some of  our  work on prob lems o f  growth and deve lopment car r ied out  dur ing  the last  about  25 years  wi th  a  two-

fo ld  ob jec t i ve ,  f i r s t l y  to  demons t ra te  tha t  ve ry  use fu l  wo rk  can  be  done  even  when  fa c i l i t i e s  fo r  con t ro l l ed  env i r on -

ment  a re  no t  ava i lab le ,  and second ly  to  show tha t  i n  the  course  o f  research sooner  or  l a te r  a  s tage i s  reached when 

such fac i l i t i e s  become essent ia l  o f  a  headway in  research  i s  to  be  ma inta ined .  The  answers  to  many ques t ions  tha t  

have emnated from these invest igat ions can be prov ided on ly  wi th exper iments conducted under contro l led  cond i t ions.  
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Th i s  wo r k  wa s  i n i t i a t e d  b y  Ch i noy  a t  t h e  I nd i an  Ag r i c u l t u r a l  Res ea r ch  I n s t i t u t e ,  New  D e l h i  i n  1 941  

and  has  b een  con t i nued  by  h im  and  h i s  co -wo rk e r s  i n c l ud i ng  t h e  au tho r  a t  d i f f e r en t  r e s ea r ch  cen t r e s  i n  t h e  coun t r y .  

G R O W T H  A N D  D E V E L O P M E N T  . -  

Two  hund red  and  s i x t y  va r i e t i e s  o f  whea t ,  bo th  i nd i g enous  and  exo t i c ,  we r e  g rown  w i t h  a  v i ew  t o  

s e l e c t i n g  t h e  s u i t a b l e  o n e s  f o r  b r e e d i n g  w o r k .  P e r i o d i c  o b s e r v a t i o n s  o n  g r o w t h  c h a r a c t e r s  w e r e  m a d e .  Th e  p e r i o d  

e l aps ing  f rom sow ing  to  an thes i s  (vege t a t i v e  per iod )  and  f rom an thes i s  to  matur i t y  ( r i pen ing  pe r i od)  we re  ca l cu l a ted .  

Reco rds  we r e  a l so  ma in t a i n ed  o f  t h e  da i l y  pho t ope r i o d  and  max imum and  m in imum t empe ra t u r e s  du r i ng  t h e  g row i ng  

pe r i od .  A s  t h e  d a t a  wa s  ve r y  ex t ens i v e  va r i e t i e s  we r e  d i v i ded  i n t o  a  number  o f  f l owe r i ng  c l a s se s  on  t he  b as i s  o f  t he  

l e n g t h  o f  t h e i r  v e g e t a t i v e  p e r i o d ,  wh i c h  v a r i e d  f r o m  1 0 0  t o  2 2 0  d a y s . Th u s ,  v a r i e t i e s  f l ow e r i n g  w i t h i n  1 0 0 - 1 1 0  d a y s  

we r e  g r ouped  t oge t he r  i n  one  c l a s s ,  t ho s e  w i t h i n  111 - 1 20  i n t o  t h e  s e cond  and  s o  on .  T he se  we r e ,  t h e r e f o r e ,  g r ouped  

i n t o  1 2  F l owe r i ng  c l a s s e s .  When  t he  d a t a  wa s  c omp i l e d  i t  r e v ea l e d  t h a t  v a r i o u s  g r ow t h  c h a r a c t e r s  s u c h  a s  h e i gh t ,  t i l -

l e r  a nd  l e a f  numb e r ,  f r e s h  and  d r y  we i gh t s  o f  s t em ,  l e a f  a nd  r o o t  were  a l l  c o r r e l a t ed  w i t h  t h e  l e ng t h  o f  t h e  v ege t a t i -

ve  pe r i od .  Thus , t h e  ea r l y  f l ower i ng  va r i e t i e s  exh i b i t ed  a  ve r y  r ap i d  r a t e  o f  s t em e l onga t i o n  and  had  a  f ew  t i l l e r s  and  

l e a v e s  a s  ag a i n s t  t h e  l a t e  f l o we r i ng  one s  wh i ch  r em a i n ed  i n  a  p r o s t r a t e  c ond i t i o n  f o r  a  l o ng  t ime  and  p r odu ce d  o  l a r ge  

number  o f  t i l l e r s  and  l eaves  (3 ) .  I t  was  a l so  found  tha t  t he  number  o f  ea rs  p roduced  on  a  p lan t ,  t he  number  o f  sp i k e l e t s  

a nd  g r a i n s ,  t h e  t h ou sand  g r a i n  we i g h t  a nd  t h e  y i e l d  we r e  c o r r e l a t ed  w i t h  t h e  t empe r a t u r e  o f  t h e  r i p en i n g  p e r i o d .  

T h e s e  w e r e  a l l  l o w  i n  t h e  l a t e  f l o w e r i n g  v a r i e t i e s  a s  t h e  t e m p e r a t u r e  d u r i n g  t h e i r  r i p e n i n g  w a s  v e r y  h i g h .  O n  t he  

o t he r  h a nd ,  i n  t h e  e a r l y  v a r i e t i e s  wh i c h  r i p ened  a t  a  l o we r  r a nge  o f  t emp e r a t u r e ,  t h e  g r a i n  wa s  p l ump  a nd  t he  number  

o f  ea r s ,  sp i k e l e t s  and  t he  g ra i ns  p roduced  was  more  and  u l t imate  y i e ld  was  h igher  (4 ,5  and  6 ) .  

T he  r e l a t i o n sh i p s  we r e  c on f i rmed  i n  two  way s  :  ( i )  B y  g r ow i ng  v a r i e t i e s  b e l o ng i ng  t o  d i f f e r en t  f l o -

we r i ng  c l as ses  unde r  va r y i ng  comb ina t ions  o f  v e rna l i z a t i on  and  photoper iod i c  t r ea tments  to  a l t e r  t he  l eng th  o f  t he  ve -

g e t a t i v e  p e r i o d  ( 5 ,  6 ,  7 ,  8 ,  9 ,  1 0  a n d  1 1 ) .  I t  w a s  f o u nd  t ha t  w h e n  a  l a t e  f l o w e r i n g  v a r i e t y  w a s  mo d e  t o  f l ow e r  e a r l y ,  

i t  b e h a v e d  l i k e  a  v a r i e t y  o f  t h i s  f l ow e r i n g  c l a s s  i n  i t s  g r o w t h .  T h u s ,  i t  s h o t  up  e a r l y  a n d  p r od u c e d  o n l y  a  f e w  t i l l e r s  

a n d  l e a v e s  a s  i s  s h o w n  i n  F i g .  1 .  T h e  g r a i n  a l s o  b e c a m e  p l u m p  a n d  t he  y i e l d  w a s  m o r e .  O n  t h e  o t h e r  h a nd  a n  e a r l y  

v a r i e t y  w h e n  m a d e  t o  f l o w e r  l a t e  b e h a v e d  l i k e  a  l a t e  o n e .  T h e  r a t e  o f  s t e m  e l o n g a t i o n  b e c a m e  v e r y  s l ow  a n d  t he  

numbe r  o f  t i l l e r s  a nd  l e a v e s  p r odu c ed  v e r y  h i gh .  The  g r o i n  b e c ame  s h r i v e l l e d  a nd  t h e  y i e l d  wa s  c on s equen t l y  l ower ed  

( F i g .  2 ) .  

( i i )  By  mak ing  c ro s ses  b e tween  va r i e t i e s  o f  d i f f e r en t  f l owe r i ng  c l a s se s  and  obs e rv i ng  s eg rega t i on  o f  

g r ow th ,  f l owe r i n g  and  y i e l d  c ha r a c t e r s  i n  F 1  a nd  F 2  g ene r a t i o n s .  I t  wa s  f o und  t ha t  i n  a  c r o s s  b e twee n  l a t e  and  ea r l y  

va r i e t i e s  t he  r ange  o f  cha r ac t e r  v a r i a t i on  i n  F 2  gene r a t i on  was  ve r y  w ide  and  p l an t s  showed  the  same  co r r e l a t i ons  be t -

ween  g r ow th  and  deve l o pmen t  a s  w e l l  a s  b e tween  y i e l d  and  t empe r a t u r e  o f  t h e  r i p en i ng  pe r i o d  a s  t h e  p a r e n t s .  T hu s ,  

f o r  e x amp l e ,  n e v e r  a  s eg r ega t e  wa s  f ound  wh i c h  f l ow e r ed  i n  100  day s  and  had  a  v e r y  l a r g e  numbe r  o f  t i l l e r s  n o r  one  

wh i ch  f l owe r ed  i n  200  d ays  and  had  j u s t  o  f ew  t i l l e r s  ( 12 ,13 ) .  

M E T A B O L I C  D R I F T S  A N D  D E V E L O P M E N T  . -  

The  me t abo l i c  d r i f t s  o f  n u t r i t i o n a l  s u b s t an ce s ,  b o t h  o r g an i c  a nd  m i ne r a l ,  a s  we l l  a s  o f  r egu l a t o r y  

subs tances  l i k e  aux i n  and  a s co rb i c  ac id  i n  d i f f e r en t  va r i e t i e s  g rown unde r  va ry ing  comb ina t ions  o f  v e rna l i z a t i on  and  

p h o t o p e r i o d i c  t r e a t m e n t s  a l s o  r e v e a l e d  c o r r e l a t i o n s  w i t h  f l o w e r i n g  ( 1 4 ,  1 5 ,  1 6 ,  1 7 ,  1 8 ,  1 9 ,  2 0  a n d  2 1 ) .  T h u s ,  f o r  

examp le ,  the  re l a t i v e  ra t e s  o f  up take  o f  nu t r i en t s  such  as  N ,  P  o r  K  and  t he  i n c rease  i n  the  ra t i o  o f  t he i r  con t ent s  i n  

s t em/ l e a f  we r e  f a s t e r  i n  e a r l y  f l owe r i ng  v a r i e t i e s  a nd  v e r y  s l ow  i n  the  l a t e  f l owe r i ng  one s .  When  a  l a t e  f l o we r i ng  

va r i e t y  wa s  mode  t o  f l owe r  ea r l y ,  t h e  r a t e  o f  up t ake  o f  t hes e  nu t r i en t s  a s  we l l  a s  t he i r  r a t i o  i n  s t e rn / l ea f  be come  f a s t .  

On  t he  o the r  hand ,  when  an  ea r l y  v a r i e t y  was  made  t o  f l owe r  l a t e  t h es e  we r e  a l s o  s l owed  down .  The  change s  i n  t he  



 Studies on relationship between growth and development were extended to a large number of other  
 plants. Thus, six different types of millets were grown at 32 days intervals throughout the year. The 
growth pattern 

rat io of  contents  of  N,P and K in s tem/leaf  of  a var iety subjected to three photoper iods are shown in F ig.  3.  S imi-

lady shifts occured in the metabolic drifts of auxin and ascorbic acid of a variety when the time of f lowering was al-

tered by exposing i t  to dif ferent combinat ions of vernal izat ion and photoperiodic treatments (Fig. 4).  

The length of  the vegetat ive period of a variety which is of  such paramount importance in determi-

ning the rate and magnitude of different components of growth and metabol ic drifts of nutritional and regulatory subs-

tances was found to be related with the length of the photoperiod to which it was exposed. The longer the daily pho-

toper iod,  the ear l ier  was the f lowering and v ice versa,  suggest ing a quant i tat ive re lat ionsh ip between the l ight ener-

gy u t i l i zed by  the p lant  and i ts  vegetat ive  per iod.  A hugh ly  s ign i f i cant cor re la t ion  was  a l so found to  ex is t  be tween 

the photo-quantum (the sum of l ight hours during the vegetative period) and the thermic-quantum (sum of daily mean 

temperature dur ing the vegetat ive per iod).  The amount of  energy rece ived by d i f ferent var iet ies  of  wheat be longing 

to different f lowering classes during their vegetative periods, when subjected to different vernalization and photope-

r iodic treatments, were determined by mult iply ing the photoquontum of a variety with i ts thermic-quantum. This pro-

duct which is termed"photothermic quantum" was found to increase with the length of the vegetat ive period of a va-

riety and was constant for a variety grown under varying photoperiods (22). It means that a given variety requires a 

certain amount of photothermic energy to complete i ts developmental  process. It wi l l  f lower early i f  this quantum of 

energy is provided early and late if i t is completed late. These results, thus, lead to the conclusion that varietal dif-

ferences in the rates of uptake of mineral  nutr ients, in the rotes of product ion and uti l i zat ion of orgonic materials  

including regulatory substances, growth in i ts dif ferent components, f lowering and yie ld are al l  resultant of a coor-

dinated metabol ic system which is dependent upon incorporation and uti l izat ion of external energy. 

PHOTOTHERMIC QUANTUM AND PHYSIOLOGICAL CLASSIFICATION .- 

The relationship between the vegetative period (F), photothermic quantum (E), mean temperature 

(t) and mean photoperiod (p) of the vegetative period can be expressed by the formula : 

2 

E = F 

or 
2 

F 

or 

pt 

 Pt 

 
F E 

Pt 

It means that if  the photothermic quantum of a variety is known, the approximate length of the ve-

getative period at any place can be calculated from the formula, provided the mean photoperiod and the mean tem-

perature of the growing period of that place are known. Further by knowing the correlative nature of growth and flo-

wer ing,  the growth performance of  the var iety can a lso be predicted.  The photothermic concept may, thus,  be useful 

in the classif ication of varieties in terms of their energy requirement (23). 

GROWTH  PATTER N  AND  REPRODUCT IVE  DEVELOPMENT  . -  



 

of  one of  these  -Ran icum mi l i aceum- is  shown in  F ig .  5 .  The ears  of  th is  and F leus ine coracana in  d i f fe rent  sowings  

are also shown in Fig. 6 and 7 respect ively. Marked dif ferences in the growth pattern of these plants and the morphology 

of  the i r ears observed wi th a change in the t ime of  sowing are a consequence of  a l terat ions in the pattern of  latera l  

bud deve lopment.  Thus,  in  ear ly sowings the development of  latera l  buds is  conf ined to the lower part  of  the p lant 

pr io r  to  f lower ing and occurs  in  acropeta l  o rder .  On the other  hand,  in  la te r  sowings  la tera l  buds  e longate  on ly af ter  

the emergence of the ear  of  the main shoot and occurs in  bas ipeta l  order f rom top downwards.  As a consequence of 

this the growth pattern varies remarkably in plants of different sowings (24). That the emergence of lateral  branches and 

the i r  f lower ing is  a lso corre lated with the f lowering of  the main shoot,  is  c lear ly brought out f rom another exper iment 

in  which p lants  were subjected to vary ing photoper iods,  The resu l ts  are shown in F ig,  8 .  P lants  exposed to long day 

condit ion (LD) d id not f lower at  al l  and branches emerged one after another in  acropetal  success ion.  But in plants 

exposed to normal day (ND) and short day (SD) the development of branches took place in basipetal succession, and 

occurred after the emergence of the ear of the main shoot. The emergence of secondary and tertiary branches and their 

f lowering also fol lowed the same pattern as the primary branches (25). 

S imi lar  re lat ionsh ip of  branching pattern with f lower ing has been observed in  other  p lants  inc luding 

some forest plants  (26, 27, 28). In Crotalar io (Emcee he branches remain very smal l  and ar ise in basipetal  order dur ing 

the t ime of the year environmental  condit ions ore inductive but e longate even 4-5 t imes the length of the main shoot 

wi th  comple te  ar res tment  of  la te ra l  buds  dur ing the  non- induct ive  per iods  (F ig .  9) .  In   Achusa of f i c ina l l s  (F ig .  10) 

the development of lateral buds in acropetal  earl ier in growth but then stops ti l l  the f lowering of the main shoot and 

becomes bas ipeta l  af ter  that.  Both the acropeta l  and bas ipetal  patterns of  branch emergence are,  therefore,  observed 

on the same plant (29). In Impatiens balsamina (Fig. 11) the vegetative lateral buds develop in acropetal order when 

plants  are kept under non- induct ive condi t ion but become Flora l  when plants  are transferred to induct ive condi t ion 

(30). These results, thus, demonstrate that the developmental process controls even the behaviour of lateral buds and 

consequently the growth pattern of the plant, 

It appears that some physio-chemical changes which cause the transformation of the growing apex 

from the vegetative to the reproductive state are of paramount importance. The results have accumulated to show that 

the increased act iv i ty  in  the growing apex synchronizes wi th an increase in the concentrat ion of  ascorbic  ac id (AA) 

and a decrease in auxin. This upsurge in AA and decrease in auxin is brought about in the shoot apex much ear l ier in a  

var iety subjected to long day and vernal i zat ion than under normal  day and unvernal i zed condi t ion (19, 20, 21).  

Chinoy ( 3 1 )  has postu lated that increased production and ut i l i zat ion of  AA enhances the product ion of  DNA, RNA, 

Prote ins ,  ce l l  wal l  mater ia ls  and other uni ts  of  ce l l  s tructure resul t ing in sp ike d i f ferent iat ion.  

CONCLUSIONS  

These corre lat iona l  s tud ies  which  have led  to for  reach ing conc lus ions  were  made wi thout  any con-

tro l  of  envi ronment.  The prec ise ef fect of  indiv idual  factors  of  env i ronment could not,  however,  be studied as i t  was 

not poss ible to change any factor  without changing the others as wel l .  Thus, a change in photoperiod brought about 

e i ther by pro longing or curtai l ing the natural  day l ight or by sowing plants on dif ferent dates resulted in concurrent 

changes in  temperature ,  humid i ty ,  etc . .  as  we l l .  The fac i l i t ies  fo r  the contro l  of  env i ronment ,  therefore ,  become 

essent ia l  in  order  to  s tudy prec i se ly  the  ef fec t  o f  d i f fe rent  leve ls  o f  indiv idua l  fac tors  (keep ing other factors  at  a  

constant  leve l)  on growth and deve lopment of  p lants ,  to  work out more prec ise ly  thei r  energy requi rement,  to assess 

the l imits within which the photothermic concept wi l l  hold good, to study the performance of di f ferent var iet ies for 

selecting them for different regions of the country and also to study more precisely the bio-chemical and physiological 

changes  that  lead the  growing apex to change f rom the  vegetat ive  to  the  reproduct ive  s tate .  Such fac i l i t ies  wi l l  a lso 

be necessary for work on endogenous rhythms, the physiology of resistance, the physiology of sex expression, and 
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the physiology of y ie ld. And i t is in th is context that I feel  that a stage hos reached when such faci l i t ies should be-

come avai lable to us. 
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DISCUSSION 

Lang.-Dr Nanda's paper is open to questions and comments. 

de LINT .-I'd like to ask, I didn't quite catch the meaning of your formula there. At what time can you already de-
termine what finally happens with it ? 

Nanda.- The formula enables us to work out the energy requirement of a plant. The sum of the doily photoperiod 



 

f rom the  da ta  o f  sow ing  t i l l  an thes i s  i s  mu l t i p l i ed  w i t h  the  sum o f  the  da i l y  mean  t empera tu re  dur ing  
t h e  s ame  pe r i o d .  I n  t h i s  f o rmu l a  p  s t a nd s  f o r  t h e  me an  da i l y  pho t ope r i o d ,  t  f o r  t h e  mean  d a i l y  
t empera tu re  and  V  Fo r  t he  per iod  tha t  e l ap ses  f rom sow ing  to  an thes i s .  

de  L i n t . - So  t ha t  means  you  hove  t o  g o  t h rough  one  comp le t e  c y c l e  f i r s t  a nd  t hen  y ou  can  us e  i t  f o r  d e t e rm i ng  t he  t i -

me  t ha t  i t  w i l l  t a ke  t o  f l owe r .  

Nanda. -  Yes ,  we hove  t o  de t e rmine  the  pho to the rmi c  quantum f i r s t .  

Lang.-  I t  seems to  me,  o f  course ,  tha t  the re l a t i on between the rep roduc t ive deve lopment  and the vegetat ive one  i s  

somet h i ng  wh i ch  i s  gene r a l l y  r e cogn i z ed  and  t he  b i g  que s t i on  t h e r e  i s  on l y  :  k  t h i s  a  genu i ne  cou r s e  
o f  r e l a t i o n s h i p  o r  i s  i t  a  c o - r e l a t i o n  r e l a t i o n s h i p  ?  B u t  o n  t h e  o t h e r  h a n d ,  I ' m  a f r a i d  i f  w e  g o  i n t o  
a  d i s cus s i o n  o f  t h e  s c i en t i f i c  a sp ec t s  o f  any  p ape r s  he r e  t h ey  a r e  d e t a i l ed  d i s cus s i ons  and  we  w i l l  
t a k e  away  t he  p r e r oga t i v e s  o f  t h e  I n t e r na t i o n a l  B o t an i c a l  Cong r e s s ,  wh i ch  we  a l l  h a v e  t o  a t t end  
s t i l l ,  s o  I  s u gg e s t  w e  d o n t  d o  t h a t .  O n e  p o i n t  w h i c h  o c c u r s  t o  m e  i n  t h i s  c o n n e c t i o n  a g a i n  i s  :  
When do  we need  a  phy to t r on  and  when do  we need  a  coup l e  o f  we l l  con t ro l l ed  commerc ia l  g rowth  
r ooms  o r  s e l f  made  g rowth  r ooms  ?  I f  you  depend ,  f r om wha t  you  have  sa i d ,  and  I  don ' t  f ee l  t ha t  
y ou  a r e  r e a l l y  a b s o l u t e l y  d ependen t  upon  a  med i um  s i z e  t o  a  l a r g e r  s i z e  phy t o t r on ,  b u t  v e r y  much  
o f  w h a t  y o u  i n t e nd  t o  d o  c o u l d  b e  a c c o m p l i s h e d  w i t h  a  l e s s  e l a b o r a t e  f a c i l i t y .  I ' m  n o t  s a y i n g  t h i s  
a t  a l l  t o  say  t ha t  t he r e  i s  no  need  f o r  a  phy to t ron  i n  Ind i a ,  na t u r a l l y  I 'm  su r e  t ha t  t h e r e  i s  one ,  bu t  
s t i l l  t h i s  b r i ngs  up  t he  po in t  a l so  touched  upon  seve ra l  t imes  in  our  d i s cuss ions  t ha t  we  shou l d  r ea l l y  
f i r s t  h a v e  a  p r e t t y  g ood  i d ea  o f  t h e  t y p e  o f  p r ob l ems  we  wan t  t o  wo r k  on  and ,  w i t h  t h i s  b a s i s ,  d e -
c i d e  wh a t  t y p e  o f  f a c i l i t y  i s  r equ i r e d .  A r e  t h e r e  any  f u r t h e r  c omme n t s  i n  c onn ec t i o n  w i t h  t h i s  a s -
p e c t  o f  t h e  p r ob l e m  o r  i n  t h e  g e ne r a l  c on t e x t  o f  a l l  t h e  t h r e e  p ape r s  w e  ha ve  h ea r d ,  p a r t i c u l a r l y  
t he  two  ?  

Wassink.-My  comment  was more par t i cu lar ly  re lated to  you last  comment ,  that  we shou ld des ign our phytot rons  ac-

co rd i ng  t o  the  p rob lems  we have  to  go  i n  f o r .  Sure l y  tha t  i s  sound ,  bu t  on  t he  o the r  hand ,  bu i l d i ng  
w i t h  chambers  cos t s  someth i ng  in  the  o rder  one  m i l l i on  Dut ch  gu i de rs  and  I  t h i nk  we cou ld  hard l y  
c l a im to  se t  up  tha t  fo r  one  spec i f i c  t ype  o f  r esear ch  un l - es s  you  cons ide r  t h i s  t ype  as  very  f l ex ib l e  
and very  expens ive.  

Nanda . -  I t  was  no t  po s s i b l e  w i t h i n  t h e  sho r t  t ime  a l l o t t ed  t o  t h e  pape r s  t o  e l abo ra t e  a l l  t h e  p rob l ems  t ha t  w i l l  b e  t a -
ken  up  i n  t h e  phy to t r on .  I  des c r i bed  some  o f  t h e  p rob l ems  t ha t  we  had  been  wo rk i ng  w i t h ,  I  ag re e  
t ha t  some o f  these  p rob lems  can  be  worked  even  w i t h  l e s s  e l abora t e  fa c i l i t y  bu t  the re  a re  someques -
t i o n s  wh i c h  c e r t a i n l y  r e qu i r e  e l a bo r a t e  c on t r o l  o f  t em pe r a t u r e ,  l i g h t  a nd  hum i d i t y  e t c . . .  

Lang. - I  was t ry ing to  say  that  one common denominator  o f  the three papers we have been heor ing th i s  morning i s  th i s  
q u e s t i o n  o f ,  t o  w h a t  e x t e n t  a n d  h o w  c a n  p h y t o t r o n s  he l p  u s  i n  o u r  m o r e  p r a c t i c a l  p r ob l e m s .  D r  
Nanda ' s  c a l l  i n  ad d i t i o n  t o  i t s  f undamen t a l  o r  t h eo r e t i c a l  a s pe c t s ,  i s  a l s o  an  em i n en t l y  p r a c t i c a l  
o ne ,  f o r  I  s uppo se  y ou  wou l d  l i k e  t o  d e t e rm i n e  e x a c t l y  wh i c h  v a r i e t i e s  o f  a  c r op  p l an t  a r e  s u i t e d  
f o r  the  d i f f e ren t  par t s  o f  you r  count ry ,  and  t h i s  na tu ra l l y  a  p rob l em wh i ch  i s  p resent  in  many  o ther  

countr ies.  The same quest ion has a l so  been posed for  d i scuss ion by  a number o f  cont r ibutors who have 
submi t t ed  spec i f i c  i deas  wh i ch  m igh t  be  t aken  up  here .  
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S U G G E S T I O N S  P O U R  U N E  C O O P E R A T I O N  A V E C  L ' A P P U I  D E  L ' U N E S C O  

by 

M . M .  F R A N Z L E  a n d  W A L T E R .  

CHOUARD  . - I  th ink  to  beg in ,  the  bes t  th ing wou ld  be to  know what  Dr  FRANZLE,  on beha l f  o f  UNESCO,  i s  p re -

pared to soy to us.  I t  should be a good beginning for  the d iscussion. 

FRANZLE  . -  Mr Chai rman,  Lad ies and Gent lemen :  Fi rs t of a l l ,  I  should l ike to thank you most  heart i ly  for the pos-

s ib i l i ty  o f  gett ing  such a  good ins ight  in to  your mani fo ls  ac t iv i t ies  and great  many prob lems you are  a i l  together  wor-

k ing on.  I  would l ike to thank you for  two reasons :  f i rs t  of  a l l  as representat ive of  UNESCO and secondly ,  in my own 

personal  capacity as a geographer who is very much interested in gett ing a genet ic ins ight into the reasons of spat ial  

d i s t r ibu t ion o f  phenomena.  UNESCO,  whose  fo remos t  task  i s  the  promot ion  o f  sc ience ,  educa t ion  and cu l tu re  a l l  over  

the  wor ld ,  i s  ve ry  much in te rested  in  phyto t ron i c s  as  a  new method o f  eco log ica l ,  o r  eco-phys io log ica l  research ,  and 

i s  wi l l i ng to lend i t s  pres t ige and a l so f inanc io l  support  to  your  act i v i t ies .  

A great deal  o f the d iscuss ion here was devoted to the prob lem of standardizat ion. Th is i s indeed a 

very  d i f f i cu l t  and impor tant  prob lem.  On the  one hand,  we a l l  agree  that  fo r  the  sake o f  comparab i l i t y ,  s tandard i za -

t ion is  more or  less  urgent ly  requ i red.  On the  o ther  hand,  i t  i s  a  wel l -known fac t ,  tha t  only  f rom the mutua l  compe-

t i t ion o f  var ious methods i t  i s  poss ib le  to  f ind the best  way ahead in  sc ience.  Let  me p lease remind you in  th is  res-

pect  o f  the var ie ty  o f  methods that  were  h i therto deve loped in so i l  sc ience for  determin ing the  exchange capac i ty  d 

theso i l  o f  the var ious const i tuents of  so i l  organic matter .  I th ink therefore, that at the present s tate of  deve lopment of 

you methods,  s tandard izat ion of  bas ic insta l la t ions may be desi rable .  Beyond this ,  however ,  there should be the freedom 

of devot ing appropr iate means to each subject.  

To promote this discussion about necessary basic standards, and the opt imum method appl icable, 

UNESCO proposes f i rst ly a k ind of Phytotronics Newsletter ;  It  could be the f i rst  platform of discussion your speci f ic 

prob lems and the var ious methods  to adopt.  We have ana logous  UNESCO-sponsored news le t te rs wh ich have proved 

very  use fu l .  I  cou ld  c i te  the  So i l  B io logy  News le t te r  as  an example .  

Another po int  UNESCO asks you to think over , i s  the quest ion of  whether post-graduate tra in ing 

courses  in the  f ie ld  o f  phytotron ics  and the i r  moni fo l s  poss ib i l i t ies o f  app l ica t ion should be s ta r ted.  These post -

graduate training courses should enable staff members of universit ies or state inst itut ions from al l  countr ies over the 

wor ld to get a t ra in ing in the methods and appl icat ion of  phytotronics or phytotrons. 

In order to give you a better ins ight into what I mean, I should l ike to read some passages of a do-

cument  wh ich  was p repared  recent l y  on  beha l f  o f  the  next  In te rna t iona l  So i l  Sc ience Congress  i n  Bucha rest .  "We have  

at present two post-graduate tra in ing courses in the f ie ld of so i l  sc ience. They serve the tra in ing of staff ,  members of 

univers i t ies and sc ient i f ic  inst i tut ions by giv ing them the opportuni ty to strengthen thei r  research competence and to 

in troduce a s trong laboratory or ientat ion to the i r  teach ing.  The f i r s t  one on pedology and so i l  ca r tography i s  he ld  a t  
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t h e  Un i v e r s i t y  o f  G hen t  i n  B e l g i um .  I t s  pu r po se  i s  t h e  t r a i n i n g  i n  t h e  f i e l d s  o f  s o i l  c l a s s i f i c a t i o n ,  s o i l  s u r v e y  an d  r e -

l a t e d  b a s i c  s c i e n c e s ,  i n t e r p r e t a t i o n  o f  s o i l  s u r v e y  d o t s  f o r  p r a c t i c a l  p u r po s e s ,  o r g a n i z a t i o n  o f  s o i l  s e r v i c e s  ad a p t e d  

t o  l o c a l  c ond i t i o n s  and  e x t en s i o n  o f  s o i l  d a t a  t o  f a rme r s ,  f o r e s t e r s ,  e ng i n ee r s  and  t e chn i c a l  i n s t i t u t i o n s .  Th i s  c ou r s e  

h a s  a  d u r a t i o n  o f  n i n e  m o n t h s  a n d  i s  g i v e n  e v e r y  y e a r  f r o m  1 5  O c t o b e r  t o  1 5  J u l y  a t  t h e  G e o l o g i c a l  I n s t i t u t e  a t  

Ghen t .  I t  i s  o p en  t o  a l l  s t uden t s  hav i ng  a l r e ad y  ob t a i n ed  a  d eg r ee  i n  s o i l  s c i e n ce  a nd  an y  r e l a t ed  f i e l d s  s u ch  a s  g eo -

l o g y ,  a g r i c u l t u r e ,  f o r e s t r y ,  e c o l o g y ,  e t c . . .  P a r t i c i p a n t s  w h o  a r e  s u c c e s s f u l  i n  t h e  f i n a l  e x a m i n a t i o n  o f  t h i s  c o u r s e  

o b t a i n  a  c e r t i f i c a t e  i n  s o i l  s c i e n c e  e q u i v a l e n t  t o  a  " M a s t e r ' s  d e g r e e " .  A  s e c o n d  i n t e r n a t i o n a l  c o u r s e  o f  s o i l  s c i e n c e  

and  p l a n t  b i o l o g y  i s  g o i n g  t o  b e  h e l d  b y  t h e  end  o f  t h i s  y ea r  a t  t h e  Un i v e r s i t i e s  o f  S e v i l l e  a nd  G r anada .  T h i s  c ou r s e  

w i l l  b e  he l d  unde r  t he  pa t ronage  o f  t he  In s t i t u t e  de  Cu l t u ra  H i sph  n i ce  d e  Mad r i d ,  t he  Cons , *  Supe r i o r  de  Inv es t i ga -

c l o n e s  C i e n t i f i c o s  a n d  o f  U N E S C O .  I t  w i l l  b e g i n  o n  2  N o v e m b e r  a n d  w i l l  e n d  o n  3 1  M a y  1 9 6 5 .  T h e  m a i n  t o p i c  o f  

t h i s  cou r se  i s  t h e  s t udy  o f  t h e  p l an t  s o i l  r e l a t i onsh i p s  and  t he i r  p r a c t i ca l  u s e  f o r  t h e  advancemen t  o f  ag r i cu l t u r e " .  

L e t  m e  k n o w  c o m e  t o  a n  e n d  w i t h  t h e  s t a t e m e n t  t h a t  U N E S C O  i s  a  w e l l  v e r y  m u c h  i n t e r e s t e d  i n  

t h e  c on t i n ua t i o n  o f  s u ch  l i t t l e  e x pe r t  mee t i ng s ,  t h e s e  s ympos i um ,  o s  t ho s e  he l d  i n  Au s t r a l i a ,  i n  F r an c e ,  and  t h e  p r e -

sen t  one.  

CHOUARD  . -  I  t h i n k  Dr FRA NZLE  ,  when  y ou  a r e  s peak i ng  abou t  t r a i n i ng  c ou r s e s ,  ( a bo u t )  phy t o t r on i c s ,  a t  t h e  v e -

r y  beg i nn ing ,  what  you  mean exac t l y  i s  espec ia l l y  fo r  t he  deve lop i ng  count r i e s ,  th i s  t ra in ing  i n  what  cou ld  be  ca l l ed  

env i r onm en t a l  p h y s i o l o g y ,  wh i c h  i s  a  p a r t  o f  p h y s i o l o g y  wh i c h  i s  d i r e c t l y  i n  c onne c t i o n  w i t h  t h e  t e ch n i qu e s  o f  a g r i -

c u l t u r e  and  wh i ch  r equ i r e s  a  good  know l edge  o f  t h e  d i f f e r en t  i n f l u e n ce s  o f  d i f f e r en t  f a c t o r s  o f  t h e  e nv i r on men t  an d  

h o w  i t  i s  p o s s i b l e  t o  c o n t r o l ,  m o r e  o r  l e s s ,  s i m r l y  o r  m o r e  a c c u r a t e l y  t h i s  p h e n o m e n o n .  I  t h i n k  i t  i s  y o u r  i d e a .  I t  i s  

n o t  o f  a l l  i n t e n d e d  t o  p r e p a r e  n o w  p e r s o n s  t o  h av e  v e r y  c o m p l i c a t e d  ph y t o t r o n s  i n  t h e  d e v e l o p i n g  c o u n t r i e s .  M a yb e  

i n  t h e  n e x t  c e n t u r y ,  b u t  n o t  n o w .  A n d  c e r t a i n l y ,  f o r  t h i s  p h y s i o l o g y  o r  e n v i r o n m e n t a l  p h y s i o l o g y ,  w h i c h  i s  o n e  o f  

t h e  v e r y  impo r t an t  t h i n g s  f o r  t e a ch i ng .  S ome  p l a c e  l i k e  mo r e  o r  l e s s  c omp l e t e  P hy t o t r on  a r e  t h e  b e s t  p l a c e  f o r  t h i s  

t r a i n i ng .  

FRANZLE  . -  I  o r i g i n a l l y  d i d  no t  t h i n k  o f  s u ch  a  d i f f e r en t i a t i o n  be tw een  y oung  s c i e n t i s t s  c om ing  f r om  d eve l op i n g  

coun t r i e s  and  t ho s e  who  come  f r om  mo re  de v e l oped  c o un t r i e s  a l r e ady ,  s i n c e  p hy t o t r on i c s  a s  o  n ew  me t hod  o f  r e s e a r c h  

i s  s o  compa ra t i v e l y  young ,  i t  wou l d  be  equa l l y  good  f o r  a  l o t  o f  s cho l a r s  f r om the  dev e l o ped  coun t r i e s  t o  b e  t r a i ned  

t he r e i n .  

CHOUARD I  t h i n k  now  we  ho ve  t o  d i s cu s s  two  p r opo s a l s  g i v en  b y  D r  FRANZLE  . The  f i r s t  i s  wha t  d o  y ou  t h i n k  o f  

t h e  i d ea  t o  e s t ab l i s h  s ome  k i nd  o f  c o nnec t i o n  b y  t h i s  n ews l e t t e r  w i t h  t h e  he l p  o f  UNESCO  f r om  t he  f i n a n c i a l  p o i n t  o f  

v i ew  and  p r obab l y  s ome . ,  ,  

KOLLER  . - I  wou ld  we l come two k inds  o f  news  in  th i s  news let te r  :  one o f  them would  be  techn ica l  news about  deve-

l o pmen t s  a nd  n ew  i d ea s ,  g adge t s  a nd  s o  on  ;  t h e  o t h e r  o ne  wou l d  b e  t o  c on cen t r a t e  on  one  p l a c e  ab s t r a c t s  o f  p ape r s  

o f  wo r k s  wh i c h  ha ve  t o  do  s p e c i f i c a l l y  w i t h  ph y t o t r on s .  Th i s  wou l d  s upp l y ,  I  t h i n k ,  i n  a  c onden sed  v e r s i o n ,  wha t  

phy t o t r on s  a c t ua l l y  h a v e  a ch i e v ed  b e cau se  s ome  peop l e  s eem  t o  t h i n k  t h a t  no t h i ng  i s  h app en i ng  i n  ph y t o t r on s  and  

t h i ngs  d i sappear  i n  va r ious  jou rna l s ,  I  mean j us t  qu i t e  impor tan t  i ou rna l s  and  the  re su l t s  shou ld  appear  i n  s c i en t i f i c  

j ou r na l s ,  bu t  t h e  abs t r a c t s  s hou l d  b e  con cen t r a t ed  i n  one  p l a ce  and  sen t  t o  pe r sons  who  a re  wo rk i ng  i n  p hy to t r ons  

spec i f i c a l l y  so  t h ey  wou ld  a t  l e a s t  know wher e  t o  l ook  up  t he  fu l l  pape r s  and  se cond l y  t o  p rov i de  an  answe r  wha t  phy -

t o t r o n s  c a n  d o ,  i n  g e n e r a l .  T h e s e  a r e  t w o  t h i n g s  I  w ou l d  l i k e  t o  s e e  i n  a  n e w s l e t t e r  l i k e  t h a t  :  k e e p i n g  u p  w i t h  t e c h -

n i ca l  p rog ress  and  w i t h  work  tha t  has  been done .  
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GALUN .-Maybe one can interest commercial companies to advertise and describe charts and gadgets and devices 

which can be helpful in the phytotron, describing all technical details with them so that people interested in this 

newspaper will also be informed of developments in instruments or in technique. An example : light sources by Phi-

lips Company. They may give the whole list of light sources with the spectrum, intensity, prices, and how, if they 

were I think it's very important. Many people are on the staff of small control chambers and they hove to go into 

research to look for information in this respect and this is important. 

KOLLER .'But would UNESCO agree to have semi-commercial, I mean this is advertising more or less, although it's 

technical. 

WASSINK .- I certainly would strongly welcome this abstracting. I have a feeling, however, its practically very 

difficult to realize. First of all, who makes the abstracts, who looks them up 1 This is quite a business. I think, I 

wonder wheter the organization of Biological Abstracts, for instance, would be a means of providing this. If you want 

to set up some abstracting service this is quite a business. 

KOLLER .- No, what I mean is that members of this group, provide their own abstracts or summaries or even a short 

summary of technical papers which they send in as annual reports. We send in annual reports every year and some of 

these we would like to see the summary published as a short mate to keep people informed of what's happening. 

BOGUSLAVSKY .- in our stage of work, of research, it is very important to have information. Therefore, I agree 

that one part of the news shall have information and indeed not be on a commercial basis ; It can be an information 

only. I think that is very important. And the other problem of abstracts you propose from publications, I think this 

problem is only to make or to realise with "autoreferat" and I think who is interested that his work is known that the 

can given an autoferat. 

FRANKEL .- I think we all seem to agree and time is going on, if it is helpful to you, I should like to move that 

this group of phytotronic workers welcomes and supports the suggestion that UNESCO be asked to institute and sup-

port a phytotronics newsletter containing both technical and scientific auto abstracts. 

CHOUARD .-So that, at the present time we have probably not too much time for a strong discussion, but just to 

adopt or reject the principle, so that the principle as proposed by Dr FRANZLE and supported by Dr FRANKEL, 

perhaps Dr SALISBURY has something else to say. 

SALISBURY .- I was just going to say that I didn't see any reason why there should not be regular commercial adver-

tisements. Now there may be reasons that I do not understand but this could probably support the journal and we 

could welcome a place where we vould see these things. 

CliOUARD . - Yes, I agree with your proposal. I think this question of advertisement, commercial or not commer-

cial, is something important but which may be decided further when we shall be just before the work to be done, but 

For the principle, do you agree ? I think nobody is against. But now, Dr FRANZLE, if we agree to the principle, 

have you some idea of how to say that, en Francais : les "voles et moyens", how to begin the job ? Is this necessary 

to have some persons who should be in charge at the beginning, to be in contact whith you, Dr WALTER or other? 

FRANZLE .- The informations must come from your side, of course. I would suggest to form a small group of people 

who are in charge of the work from your side. 
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CHOUARD  . -  Who is  interested ? Just for the beginn ing to have some contact wi th UNESCO about the establ ish-

ment of this newsletter. We adopt the principle but with the principle alone we have nothing. It worsts some persons 

who are in charge and to have these contacts and to achieve this project, i t  can arr ive. 

BOGUSLAVSKY  I  h ave  a  p r opo s i t i o n ,  Mon s i e u r  CHOUARD .  

CHOUARD  . -  A l one  i s  no th ing ,  abso lu te l y  no th ing .  Bu t  ce r ta in l y ,  s i nce  I  om i n  Par i s  a n d  UNESCO i s  i n  Pa r i s ,  

myse l f  and my co-workers ,  good f r iends  who are  in  Par i s ,  a re  cer ta in ly  immediate ly  des ignated,  not  by the  po l i cy ,  

but by the s i tuat ions that they ore l iv ing in Par is  and in the some place as UNESCO. But some others are necessary, 

maybe by correspondence,  maybe somet imes by short meet ings that UNESCO wi l l  promote,  but who wi l l  be interested 

i n  h e l p i n g  u s  a t  t h e  b e g i n n i n g  ?  ( D i f f e r e n t  n a m e s  :  L A N G ,  S A L I S B U R Y ,  B O G U S L A V S K Y ,  K O L L E R ,  E V A N S ,  

W A S S I N  K  ,  G A A  S R A ) .  

0 
0 0 

CHOUARD  .- What is your discussion about the second proposal the training courses on environmental physiology 

and on phytotrons and phytotronics ? 

FRANKEL  . -  I  feel  that in v iew of the complexity of the novelty of the problem, the educational  requirements should 

be higher than the one that  Dr FRANZLE has given us as needed for  the soi l  sc ience one. I would have thought that 

a Ph.D. or i ts  equiva lent,  meaning some years  o f post-graduate research, would be essent ia l .  And secondly,  I  wonder 

what the durat ion of  the course would be. 1 th ink i t  should be a fa i r ly  extensive course.  I  agree ent i re ly  wi th you 

that  i t  shou ld  inc lude a course  in  exper imenta l  b io logy,  p lant  phys io logy ,  eco logy  and probab ly  some genet ics .  

CHOUARD think that this proposal is not for next year, but For several years, we have time before us. 

BOGUSLAVSKY have the idea that a time From 3 months perhaps because less than 3 months you hove not suffi- 

c ient knowledge of the construct ion of a phytotron. You must see and have a wel l  when you wi l l  see and pract ice in  

work of  phytotron and i t  wi l l  have a theoret ica l  part  and a pract ice part in th is  course. And then you must have two 

or three months. 

CHOUARD .- I think we require more information about the uses of UNESCO in these training courses, because so-

meone l ike Dr FRANKEL and myself partly, and several others we have the use at the present time of several people 

coming from different countries -you have in Canberra, r think- but they spend always at feast 3 or 6 months and 

Frequently more in the phytotron to work and to learn.  I do not know i f  th is has something to do with the train ing 

courses of UNESCO but perhaps Dr WALTER was asking to explain something more. 

WALTER .-  I  would l ike to point  out that the most appropr iate durat ion of  post-graduate tra in ing courses,  espec ia l ly  

i f  organized at ex ist ing inst i tut ions in developed countr ies, should be 9 months. With shorter courses experience sho-

wed that the students needed too much t ime to adjust and that it took too long to equi l ibrate dif ferences in bock-

groind. benefits hence were l imited. Furthermore, 9 month programmes are better suited to the annual schedule of the 

various universi ty-type sponsoring institutions, a matter, however, not applying to the CNRS. As regards the f irst 

pOssib le  dote for  introduc ing a post-graduate tra in ing course in phytotron ics ,  budgetary reasons prevent UNESCO 

from sponsor ing one before 1967/673. Since, however, negotiat ions between the sponsor ing inst i tut ions and their  

government authorit ies also normally last at least 2 years, this delay cannot be considered a primary obstacle. 

0 
0 0 
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SUGGESTIONS RECUES POUR LES DISCUSSIONS 

Avant le debut de la Table Ronde, plusieurs specialistes, absents aux seances, ont presence par 

ecrit des suggestions qui n'ant pu titre discutees par manque de temps. Nes sont reproduites ci-apres pour servir 

de sujet de meditation; 

I . -  CHAMBERS VERSUS ROOMS (H.J .  KETELLAPPER).  

2 . -  M I C R O C L I M A T O L O G Y  ( H . J .  K E T E L L A P E R )  

3 . -  SOIL  TEMPERATURE (H.J. KETELLAPER) 

4 . -  EFFECT OF AGE AND STAGE OF DEVELOPMENT ON THE RATE OH PHOTOSYNTHESE 
(P.M. CARTWRIGHT).  

5 . -  L I G H T  S O U R C E  ( H . J .  K E T E L L A P E R )  

6 . -  L I G H T  I N T E N S I T Y  A N D  Q U A L I T Y  E F F E C T S  O N  P L A N T  ( F . P .  Z S C H E I L E )  

7 . -  P H Y T O T R O N I C S  O F  W O O D Y  S P E C I E S  :  D E N D R O T R O ( S . D .  R I C H A R D S O N )  

8 . -  REGIONAL LARGE PHYTOTRON COMBINED WITH LOCAL SMALL FACILITIES 
(11 .J . KETELLAPER). 

0 

0 0 

I -  CHAMBERS VERSUS ROOMS 

by H.J. KETELLAPER, Divis ion of B io logy, Cal i fornia inst i tute of  Technology, 
Pasadena, Cal i forn ia ,USA.  

The phytotron, as an instrument for research, suffers from the same disadvantages as any any ins-

truments, namely that it has limitations of function. if the job changes one needs to redesign the instrument or buy 

another. Therefore, the design of a phytotron must be flexible, adaptable. Actual experimental arrangements, such 

as rooms, cabinets, should not be pars of the structure of the building. 

This may be important when looking at the problem rooms versus cabinets. Presumably cabinets offer 

the greater flexibil ity. However, one must have provision for larger areas for use in studies with populations. This is 

must unless one can show that the variation between cabinets is equal to or smaller than that within a room. Even 

then the possibi l i ty and value of statist ical treatment may be affected by breakdowns or abnormal it ies in one or a 

few cabinets. So, I believe that for such kind of studies rooms are a must, giving a large surface area. Furthermore, 

according to Kalbfleisch (Melbourne Symposium, 1962) optimal design of a l ight panel can only be obtained from o 

panel of 8 x 8 ft, used to i l luminate a 7 x 7 ft area. This one would cal l a room. Such rooms, or multiples of 11 could 

still be designed as non structural units with hung l ight panels. 
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2 . -  M I C R O C L I M A T O L O G Y  

by  H . J .  KETELLAPER ,  D i v i s i o n  o f  B i o l o gy ,  Ca l i f o r n i a  I n s t i t u t e  o f  T e chno l ogy ,  
P a s a d e na ,  C a l i f o r n i a ,  U SA .  

So  fa r  ve ry  l i t t l e  has  been  done  by  na ture  o f  ac tua l l y  de te rm in i ng  the  c l ima t i c  cond i t i ons  o f  t he  

plant in the phytotron. We compare environments by means of a ir  temperature recorded in some more or less appro-

pr iate way and assume that p lant  temperature i s  re la ted to  the env i ronmenta l  var ia t ion in some s imple manner.  This  

i s  not  necessar i ly  t rue  and actua l  measurements tend to  leave the observer  qui te shocked.  He i s  surpr i sed a t  the  va-  

lues which  are much d i f ferent  f rom those expected and which vary in a  complex manner wi th the env i ronmenta l  var ia -

b les .  Moreover ,  the  va lues  found  are  o f ten much less  un i fo rm than was hoped .  

In  order  to  obta in  a  reasonab ly  va l id  re la t ion be tween f ie ld  cond i t ions  and phy tot ron ,  mic roc l imato -

log ica l  da ta  a re  a  must  fo r  both  env i ronments .  Moreover ,  un less  we know what  ac tua l  t empera tures  o f  the  p lan ts  a re  

we  w i l l  no t  be  ab l e  t o  ob ta i n  t he  mos t  e f f i c i en t  des i gn  o f  ou r  f a c i l i t y  w i t h  r e spec t  t o  t ype  o f  a i r  f l ow ,  r a t e  o f  f l ow  

e t c . . .  I t  appea rs ,  f o r  examp le ,  t ha t  f o r  t empe ra tu re  un i f o rm i t y  and  l a ck  o f  g rad i en t s  w i t h  p l an t s  i n  ou r  un i t s ,  one  

mus t  re l y  heav i l y  on  tu rbu lence ,  ra the r  than  on  mass  f l ow.  We found  tha t  i n  exper iments  w i th  con t ro l l ed  so i l  a s  we l l  

as a i r  temperature the grad ient between so i l  temperature and a i r  temperature was shortened to about 1/4 inch by in -

c reas ing  the a i r  turbu lence by  means o f  an osc i l la t ing fan.  Thi s  agrees wi th Jo f fe 's  observat ions.  

0 0 

3 -  S O I L  T E M P E R A T U R E  

b y  H . J .  KETELLAPPER ,  D i v i s i o n  o f  B i o l o g y ,  Ca l i f o r n i a  I n s t i t u t e  o f  T e chno l ogy ,  
P a s a d e na ,  C a l i f o r n i a ,  U SA .  

It is now well establ ished that soi l  temperature affects the growth of many plants. Good evidence is 

ava i l ab l e  f rom stud ies wi th grasses  and con i fe rs  in the Earhar t  P lant  Research Labora tory .  In the cases o f  some grasses 

so i l  temperature appears to  be more important than ai r  temperature. 

The e f fec t  o f  so i l  temperature  occurs  dur ing ge rmina t ion  and ea r ly  g rowth near l y  a lways .  I t  a f fec t s  

the es tab l i shment  o f  p lants a f ter  t ransp lant ing t remendously .  I t  may in f luence vegetat i ve  growth o f  wel l -g rown p lants  

with extensive root system. Soi l  temperature is important for the onset of summer dormancy in grasses. Thus soi l  tem-

perature is an environmental factor which has to be reckoned with. In most cases the soil-temperature versus growth 

re la t ionsh ip  does not  show a  very  sharp  op t imum.  Genera l l y  the re  i s  a  p la teau w i th  a  range o f  10  to  15°C.  where  

so i l  temperature  has  l i t t l e  e f fec t .  
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In most phytatrons soi l  temperature is  an uncontro l led var iable. I t is re lated in some unknown manner 

to a i r  temperature.  Where the changes in  a i r  temperature are sudded in phytorrons,  the changes in  so i l  temperature 

are s low depending on soi l  mass,  mois ture content etc. . .  Part icu lar ly when one deals  wi th dai ly  temperature changes 

in  the a i r ,  so i l  temperature is  an unknown, compl icated var iable . 

The var iat ion in so i l  temperature is  further aggravated by water ing procedures.  Water ing changes 

the soi l  temperature immediately to that of the water or nutr ient solut ion, from which i t  then has to adopt i tse l f  again 

to the temperature of the environment. Clearly temperature of the water and t ime of watering con entire ly upset the 

so i l  temperature regime and make i ts  dai ly  march exceedingly unpredictable,  var iable and unnatural .  

Therefore a case can be made for  a more careful  control  of the temperature of the root environment 

than has been pract iced so far .  A l ternat ive ly ,  one can study the effect  of so i l  temperature,  i f  any,  record the dai ly  

march of soi l temperature in our various experiments and try to al low for soi l  temperature effects in our interpretation. 

This may be rather diff icult,  but probably many experiments can be organized in such a way that.the effects of soi l 

temperature can be neglected, provided soi l  temperature has been studied f i rst.  However when extreme air  tempera-

tures,  e i ther  warm or co ld,  are involved, so i l  temperature has to be reckoned wi th.  Whatever is  extreme for  so i l  

temperature or for air  temperature is entirely dependent an plants species, but probably any soi l temperatures below 

1 0°C. or above 30°C. should be suspect. 

a 
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4 -  E F F E C T  O F  A GE  A N D  S T AG E  O F  D E V E LO P M E N T  O N  T H E  R A T E  

OF  PHOTOSYNTHES IS  

by  P .M.  CARTWRIGHT,  Depa r t ,  o f  Agr i cu l tu ra l  Bo tany ,  Un i ve rs i t y  o f  Read ing .  

Apart  f rom f luctuat ions  due to  c l imat i c  factors ,  the net  ass imi la t ion  rate of  a  crop tends  to  decrea-

se with t ime. Th is  t rend has been conf i rmed by growth analys is  experiments in contro l led env i ronment chambers 

(Thorne, 1960). These experiments have shown that the decrease is associated with shading of the lower leaves as the 

leaf area index increases and with a decrease in the proportion of photosynthetic to respir ing tissue (as shown by the 

Leaf  area rat io) .  as  the p lant ages.  Changes in the photosynthet ic  eff ic iency of  the leaves probably a lso occur,  but 

these cannot be demonstrated with the growth analysis technique which measures average ass imilation for al l  the leaves. 

A further investigation of the problem would entai l  the measurement of the photosynthesis of the in-

d iv idual  leaves and p lants  both in  the f ie ld and in a constant env i ronment,  where effects due to f luctuat ions in c l i -

matic factors would be el iminated. I would be very interested to hear about any such exper iments which have been 

carr ied out in control led environments. 

a 



 -75-

5 -  L I G H T  S O U R C E  

b y  H . J .  KETELLAPER ,  D i v i s i o n  o f  B i o l o gy ,  Ca l i f o r n i a  I n s t i t u t e  o f  T e chno l ogy ,  

P a s a d e na ,  C a l i f o r n i a ,U SA .  

The o ld  a rgument  o f  sun l ight  ver sus  a r t i f i c ia l  l i ght  i s  s t i l l  w i th  us .  I t  seems,  though,  that  where  c r i -

t i ca l  cond i t i on i ng  i s  requ i red  na tu ra l  l i gh t  i s  ou t .  Sun  l i gh t  i s  such  a  va r i ab le  i t se l f ,  t ha t  t empera tu re  con t ro l ,  fo r  

examp le ,  i s  no t  te r r i b l y  c r i t i ca l  any  more .  Exper iment s  done  a t  d i f fe ren t  t imes  o f  t he  yea r  g i ve  d i f fe ren t  re su l t s  due  

to  d i f fe rences  i n  l i gh t  qua l i t y  and  quan t i t y .  Du r ing  pe r i ods  o f  ve ry  l ow l i gh t  i n tens i t i e s  ( fog ,  ove rcas t )  one  was te s  

t ime and money,  because p lants  hard ly  grow. The use o f  supplementary l ight  he lps ,  but  in t roduces a  fur ther  var iab le .  

I t  i s  poss ib l e  to  ob ta in  adequa te  quan t i t y ,  and  pe rhaps  qua l i t y ,  f rom an  a r t i f i c i a l  sou roe ,  p rov ided  

one i s  w i l l i ng  to  pay  the  cos t .  The in tens i t y  requ i red var ies  but  i t  shou ld  p robab l y  be  a t  leas t  4000 to  5000  foot  cand le 

fo r  range grasses. The b iochemis t  and p lants phys io log i s t  needs  ar t i f i c ia l  l i ght  most o f  the t ime because reproduc ib i l i t y  

i s  a  pr ime requ i rement .  For  a  var ie ty  o f  p rob lems in  the  f ie l d  o f  phys io log i ca l  eco logy  and app l ied  phys io logy  p robab l y  

sun  l i gh t  w i l l  be  adequa te  o r  even  des i rab le .  Even  he re  one  shou ld  be  ca re fu l ,  f o r  some ca ses  have  been  found where  

var ie ta l  o r  s t ra in  re la t ionsh ips  were  d i f fe ren t  i n  phy to t ron exper iments  ca r r i ed  ou t  i n  w in te r  or  in  summer ,  due  to  

d i f fe rences i n  l i gh t  i n tens i ty .  

L ight  technology is  deve lop ing  rap id ly  and perhaps we can obta in h igher  in tens i t i es  more economi -

ca l l y  i n  the  fu ture .  

0 

0 0 

6- LIGHT INTENSITY AND QUALITY EFFECTS ON PLANTS  

b y  F . P .  Z S C H E I L E ,  D e p a r t .  O f  A g r o n o m y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v i s ,  C a l i f o r n i a .  

Mos t  work  i n  p l an t  phys io logy  has  dea l t  w i t h  p lan t  g rowth  and  o the r  responses  a t  l i gh t  i n tens i t i e s  

qu i te  low in  compar i son  to  ou tdoor  sun l ight .  I  suspect  that  many genet i c  d i f fe rences  and  othe r  responses  might  we l l  

be d i f ferent i f  h igh intens i t ies were employed. The some may a lso be true in some cases for qual i ty  ef fects where sun-

l i gh t  r& i l l  be compa red  t o  f l uo re s cen t  l i gh t  qua l i t y .  To  exp l o r e  t h i s  pos s i b i l i t y ,  we  have  been  wo rk i ng  fo r  s eve ra l  

years on the des ign o f  p lant  growth rooms which admi t  sunl ight  at  h igh in tens i t i es approaching that  o f  outdoors.  Our  

work  has  been desc r ibed i n  Ca l i fo rn i a  Agr i cu l tu re  very  br i e f l y .  We hope tha t  mare  comple te  descr ip t ions  may fa l low.  

0 

0 0 
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7 -  P H Y T O T R O N I C S  O F  W O O D Y  S P E C I E S  :  D E N D R O T R O N  

by  S .D .  R ICHARDSON ,  Fo r e s t  Re sea r ch  I n s t i t u t e ,  Ro t u r ua ,New  Zea l and .  

There are many d i f f icu l t ies  associated wi th the study of  mature t ree physio logy.  Whi le  much usefu l  

work can be done with seedl ings, specia l  problems are associated with the s ize of a tree (as for instance water con-

duc t i on ,  c a rbohyd ra te  t r ans l o co t i on ,  f l owe r i ng ,  e t c . . . )  and  w i t h  i t s  pe renn i a l  hab i t .  

For  adequate  study,  a  phyto tron is  needed in  which t rees  can be grown at  leas t  to  a he ight o f  6 me-

ters,  and in which the environmental  conditions can be varied in di fferent parts of the tree (roots,  sterns and branches).  

P rob lems assoc i a ted  w i th  the  des ign o f  such a  phy tot ron are  obv ious ly  cons iderab le  and  i t  i s  doubt fu l  whete r  any  coun-

t ry  cou ld  a f fo rd  to  cons t ruc t  such  an  ed i f i ce  a t  t he  p re sen t  t ime .  D i s cuss ion  on  the  poss ib i l i t y  o f  i n te rna t i ona l  co -

opera t i on  i n  bu i l d ing  a  t ree  phy to t ron ,  (pe rhaps  we  cou ld  ca l l  i t  a  dendro t ron)  wou ld  be  use fu l ,  a s  wou ld  an  ana l ys i s  

o f  the features of  t ree growth and deve lopment  wh ich cannot re levant ly  be  stud ied on seed l ing  mater ia l .  

0 
0 0 

8 -  R E G I O N A L  L A R G E  P H Y T O T R O N  C O M B I N E D  W I T H  L O C A L  S M A L L  F A C I L I T I E S  

by  H. J .  KETELLAPPER,  D iv i s ion o f  B io logy ,  Ca l i fo rn ia  Inst i t u te  o f  Techno logy 
P a s a d e na ,  C a l i f o r n i a ,  U SA .  

A  phytot ron i s  a  complex ins trument  and needs competent  people to  d i rec t  i t s  use.  No p lanned ins-

ta l la t ion wi l l  become rea l i ty  un less  a t  least  one ab le  ind iv idua l  i s  p resent  who has so much enthus iasm that he i s  wi l -

l i ng  t o  sa c r i f i c e  a  l o t  o f  t ime  i n  o rde r  t o  ge t  t he  f a c i l i t y  e s t ab l i s hed .  Pe rhaps  t he  p re sence  o f  such  an  i nd i v i dua l  

shou ld  be  a  ma jor  fac tor  i n  the  dec i s ion o f  where  to  looca te  a  phy to t ron.  

By  de f i n i t i on  a  phy to t ron  i s  a  fa c i l i t y  w i th  a  l a rge  number  o f  cond i t i ons  ava i l ab le  s imu l t aneous l y .  I t  

can on ly  be  just i f i ed i f  the  exper imenta l  work requi res such a  ser ies  o f  cond i t ions,  or  e l se,  i f  a  la rge  group o f  resea rch 

workers  i s  present  who between them requ i re  an extens ive  range  o f  cond i t ions .  In  o ther  words ,  a  phy to t ron must  be 

suppor ted by  a s t rong research group wi th  var ied interest  so  that  a  st rong research program wi l l  be  go ing on in the 

phytotron. 

C lear l y  not  too  many p laces  can meet  a l l  these  cond i t ions ,  and few un ive rs i t i e s  or  research i ns t i tu tes  

are able to obtain maximal  usage out  of  a phytotron.  This  automatica l ly  leads to the concept of  the regiona l  phyto t ron,  

serv ing the  needs  o f  a  l a rge  area ,  such as  a  la rge  count ry ,  o r  even o  cont inent  or  sub-cont inent .  

The quest ion is  then how to best organize such a system. Exper ience has led me to conc lude that  

geographical separat ion between the sc ient is ts home inst i tute and the phytotron fac i l i ty  make exper imentat ion inef-

f i c i en t ,  except  fo r  a  few k inds  o f  exper iments  which  requ i re  on l y  in f requent  a t ten t ion .  For  most  exper iments  i t  i s  
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ne ces sa r y  t ha t  t he  s c i en t i s t  m i ng l e  w i t h  h i s  p l a n t s  f r e e l y  and  f r equen t l y .  

M o s t  o f  i s  wo r k  i n  u n i v e r s i t i e s  w h e r e  m a n y  t h i n g s  h a ve  t o  b e  t o k e n  c a r e  o f  b e s i d e s  e x p e r im e n t s .  

M u c h  o f  t h e  r e s e a r c h  w o r k  h a s  t o  b e  d o n e  i n  b e t w e e n  l e c t u r e s ,  l a b o r a t o r y  c l a s s e s ,  e t c . . .  T h e r e f o r e ,  t h e r e  i s  n o  t i -

me  t o  wa s t e  on  t r a v e l l i n g  e v e n  r e l a t i v e l y  sma l l  d i s t a n c e s .  Th i s  mean s  t h a t  many  k i n d s  o f  e x pe r imen t s  c anno t  b e  done  

we l l  when ones  i s  regu l a r  wo rk  i s  away  f rom the  phy to t ron  and  tha t  much o f  t he  p rog res s  i s  r es t r i c t ed  to  work  dur i ng  

summer  months .  Even  ex ce l l en t  t e chn i ca l  ass i s t ance  in  the  phy to t ron  w i l l  no t  en t i r e l y  do  away  w i t h  t he  i nhe rent  i ne f -

f i c i e n c y .  

The  so l u t i o n  i s  ba sed  on  t he  obs e r v a t i on  t h a t  many  phy to t r on  p ro j e c t s  even tua l l y  r equ i r e  a  r e l a t i v e l y  

sma l l  n u mbe r  o f  c ond i t i o n s  a f t e r  t h e  d i r e c t i o n  i n  wh i ch  t o  move  ha s  b een  d i s c o v e r ed .  P l a n t  b ehav i o u r  i n  t h e s e  f e w  

c o n d i t i o n s  i s  t h e n  s t u d i e d  i n t e n s i v e l y .  A c t u a l l y  i t  i s  o f t e n  b e n e f i c i a l  f o r  t h e  p r o j e c t  w he n  n o t  t o o  m a ny  c o n d i t i o n s  

a re  av a i l ab l e  :  t he  s c i en t i s t  does  no t  become con f used  so  eas i l y .  The r e fo r e ,  f u r t h e r  mo r e  de t a i l ed  wo rk  c an  be  done  

e f f i c i e n t l y  w i t h  a  s m a l l  n u m b e r  o f  c a b i n e t s ,  r o om s ,  sm a l l  g r e e n h o u s e s ,  d e p e n d i n g  o n  t h e  n a t u r e  o f  t h e  p r o j e c t .  F o r  

t h e  e s t ab l i s hmen t  o f  t h e  d i r e c t i o n  and  t o  d e f i n e  t h e  impo r t an t  c ond i t i o n s  f o r  F u r t h e r  s t udy ,  e x pe r imen t a t i o n  i n  t h e  

phy to t ron  i s  neces sa ry ,  because  i t  a l l ows  much f as te r  p rog ress .  

T h e  f o l l o w i n g  s i t u a t i o n ,  t h e n ,  w o u l d  b e  i d e a l  :  F u l l  s i z e  r e g i o n a l  p h y t o t r o n s  are  a v a i l a b l e .  T h e y  can  

be  sma l l  i n  number  bu t  mus t  be  l a rge  enough  t o  a c comoda te  a  r egu l a r  r e s ea r c h  p rog r am c a r r i ed  on  by  t he  hom e  

i n s t i t u t e  ( t h e s e  r e g i ona l  p h y t o t r on s  s hou l d  b e  l o c a t ed  a t  a  s i z a b l e ,  a c t  i v e  un i v e r s i t y  o r  r e s ea r c h  i n s t i t u t e )  a s  we l l  a s  

p rov ide  space  fo r  gues t  worke rs  f rom the  r eg ion .  There  shou l d  be  some gua rant ee  tha t  t he  l a t t e r  have  a  r easonab l e  

c han ce  t o  ob t a i n  s p a ce .  Whe neve r  t h e  u s e  o f  c o n t r o l l e d  env i r o nme n t  appea r s  t o  b e  i n d i c a t ed  t h e  p r o j e c t  c an  b e  s t a r -

t e d  i n  t h e  p h y t o t r o n  i n  o r d e r  t o  s ee  w h e t h e r  t h e  p r o j e c t  w i l l  b e n e f i t  b y  s u c h  f a c i l i t i e s  a n d ,  a l s o ,  t o  d e f i n e  q u i c k l y  

t h e  c r i t i c a l  e n v i r o n m e n t a l  c o n d i t i o n s  w h i c h  a r e  e s s e n t i a l  f o r  f u r t h e r  s t u d y .  D u r i n g  t h i s  t i m e  t h e  s c i e n t i s t  w i l l  g e n e -

r a l l y  b e  l o c a t e d  a t  t h e  p h y t o t r o n ,  o n  l e a v e  f r o m  h i s  h o m e  i n s t i t u t e .  O n c e  t h e  i n i t i a l  a p p r o a c h  t o  t h e  p r o b l e m  h a s  

b een  c omp l e t ed  ,  t h e  s c i en t i s t  w i l l  r e t u r n  t o  h i s  h o me  i n s t i t u t e ,  w h i c h ,  h ope f u l l y ,  i s  o r  c a n  be  equ i p ed  w i t h  t h e  r e -

l a t i v e l y  mode s t  f a c i l i t i e s  r e qu i r e d .  I n  s ome  c a s e s  i t  may  be  ne ce s s a r y  f o r  a  s c i e n t i s t  t o  r ema i n  a t  t h e  phy t o t r on  f o r  

much  l o nge r  t ime  t o  c a r r y  h i s  wo r k  f u r t h e r .  T ha t  k i nd  o f  p r ob l em  t hough  s hou l d  b e  g ene r a l l y  a  c a r t  o f  t h e  r egu l a r  

phy to t ron  p rog ram.  In  many  cases  the  s c ien t i s t  p robab ly  does  no t  need  to  be  s t a t i oned  a t  the  phy to t ron  fo r  l onger  t han  

one  y ea r ,  o f t en  l e s s .  

I t  i s  my  con ten t i o n  t ha t  su ch  a  l a rg e  r eg i ona l  f a c i l i t y  suppo r t ed  by  l o ca l  sma l l  f a c i l i t i e s  w i l l  be  t he  

o p t i m a l  o r g a n i z a t i o n  f o r m  f o r  f i n a n t i a l  a n d  s c i e n t i f i c  e f f i c i e n c y .  T h e  r e g i o n a l  f a c i l i t i e s  c o u l d  b e  f i n a n c e d  b y  n a t i o -

na l  g r an t i n g  ag en c i e s ,  i n t e r na t i o na l  c oope r a t i o n  ( t h i n k  o f  E u r a t om)  o r  b y  g r an t s  f r om  i n t e r n a t i o na l  o r g an i z a t i o n  s u c h  

a s  U N E S C O ,  d e p e n d i n g  o n  c o n d i t i o n s  a n  a r e a  i n v o l v e d .  

Fo r  s c i en t i f i c a l l y  l e s s  dev e l oped  a r ea s  such  a  s e t -up  i s  e ven  mo re  e s s en t i a l .  I n  t h i s  way  a  cen t r e  o f  

e x pe r i en ce  w i t h  c o n t r o l l e d  env i r o nmen t  c an  b e  e s t a b l i s h ed  whe re adv i s e  and  t r a i n i n g  a r e  a v a i l a b l e .  I n  t h i s  c a s e  a l s o  

t h e  c r i t e r i o n  s h o u l d  b e  w h e t h e r  t h e  a r e a  s c i e n t i s t  c a n  e f f i c i e n t l y  u s e  a  ph y t o t r o n  a n d  b e n e f i t  b y  i t s  a v a i l a b i l i t y .  I t  

s h o u l d  b e  k e p t  i n  m i n d  t h a t  a  p h y t o t r o n  i s  n o  p a n a c e a ,  s o l v i n g  a l l  p r o b l em s  s i m p l y  a n d  q u i c k l y .  I n  t e r m s  o f  a d v a n c i n g  

t h e  f r o n t i e r s  o f  s c i en c e  a  phy t o t r on  a s  s u ch  i s  j u s t  a no t he r  i n s t r u men t  w i t h  r e l a t i v e l y  l im i t e d  po t en t i a l .  On  t h e  o t h e r  

hand  t he  con t ro l  o f  env i r o nmen t  f o r  g row i ng  expe r imen ta l  ma t e r i a l  i s  i nd i spen sab l e ,  bu t  a  f u l l  phy t o t r on  i s  s e l dom 

the  b es t  way  o f  s o l v i ng  t h i s  p r ob l em f o r  an  i nd i v i dua l  o r  even  f o r  many  i n s t i t u t i o ns  on  t he i r  own .  

0 

0 0 
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C O M P T E - R E N D U  D E S  D I S C U S S I O N S  

Ce compte-rendu,  real i se d 'apres l 'enregis t rement sur bondes magnet iques, est un résumé regroupe 
par sujets,  independamment de la place ou les intervent ions ont eu l ieu au tours des deux journees de travai l .  II n 'a 
pour but que de ref leter les idees pr incipales des part ic ipants oCi le lecteur pourra trouver des sujets de ref lexion. 

0 0 

I -  C O M M E N T  D O I T  E T R E  U N  P H Y T O T R O N  

En abordant les problemes generaux et les Brands pr incipes Ou'est-ce qu'un Phytotron et comment 

le real iser  ?  M.  KRAMER pose la  Ar ia  min imum de quest ions su ivantes auxquel les  tout  rea l i sa teur  do i t  repondre 

avant d 'entreprendre la construction : 

" I f  you are go ing to  bui ld  a Phytot ron what a re you go ing to bui ld  ?"  

-  How much o f your  money and space i s  go ing in to  natura l ly  i l luminated greeenhouse space ?  

-  How much o f i t  i s  go ing into a r t i f i c ia l l y  i l l uminated p lant  growth chambers ?  

-  What s ize p lant growth chamber you are going to use ? 

-  How much of  the space is go ing to be of  the walk in s ize of  room ? 

-  How much of i t  i s go ing to be p lant  growth chamber of  perhaps smal l  cab inets  ( for  example Nat iona l  

Inst i tute of  Agr icu l tura l  Engineer ing) and many other  quest ion. 

En essayant d'expl iquer ' 'quel dolt etre un phytotron nouveau", i t  att ire ( 'attent ion sur le fait que 

la plupart du temps un biologiste ne salt reel lement pas "what he real ly needs when he does plan the experiment" et 

surtout "what he needs when he begins to p lan contro l led env ironment fac i l i t ies" .  

M .  WASS INK ,  en  pa r f a i t  a c co r d  a ve c  M .  L .  EVANS ,  p en se  que  "wha t  y ou  need  depend s  v e r y  much  

on what you l ike to do wi th i t ".  11 lui  semble que,  pour autant qu 'un Phytotron so i l  essent ie l lement au serv ice de la  

Physiologic vegetale, i t  doit disposer de "some controls placed in the forms of pretty large rooms and rather quite a few 

instead or just one, and on the other hand have some larger cabinets of say a cubic meter of useful  space1 .1 Bien entendu 

the  f lex ib i l i t y  o f  a  se r ie s  o f  cab inets  i s  l a rger  than tha t  o f  a  ser i e s  o f  rooms".  I I  semble ,  par  consequent ,  que pour  un 

grand labora to i re ,  11 faudra i t  "s ix  l ight  rooms each a t  a  d i f fe rent temperature,  say  5  degree apart ,  and s ix dark rooms 

o f  the same k ind" .  Cet te d i spos i t ion permet dé jà  de reo l i ser  un grand nombre de var ia t ions d ' in tens i te  lumineuse,  de 

duree d 'ec l a i rage e t  de  combina i sons  de tempera tu re  jour -nu l l .  Seu lement ,  en p lus  " i t  w i l l  be  ext remely usefu l  to  have 

some spec imens o f  the midd le  s i ze  and a  number  o f  spec imens o f  the  smal l  s i ze  as wel l " .  Le nombre,  la forme et la  

d imens ion de ces pet i ts cab inets  peuvent etre auss i  var iab les que n ' importe quel  apparei l  de laborato i re ,  p .  ex.  un 

Warburg .  Ce sont  la  les reg les qui  devra ient  serv i r  de base a i s  const rucg ion d 'un phytotron.  

M. KRAMER est ime que, f requemment,  on cons idere qu id est ind ispensable que " the rooms are a 

part of the structure of  the bui ld ing" mois que,  dans un grand nombre de cas,  cec i  nest  pas ind ispensable cor des 
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"prefabricated rooms simply sec upon a suitable f loor and that are not a part of the structure permertraiert d'e...9- 

mecte l .  de lo in  lo f lex ib i l i te  de ( 'ensemble .  Dotz ,  dans  un but  de  f lex ib i l i te ,  M.  KRAMER parse  ' ' '  •eye  would  be 

many advantages in avoiding making ony of to trol led environment boxes or rooms on irtegral parr of the bui ld ing. 

If  they are s imply set in you con pul l them out t i  f ive or ten years". 

A lo sui te des exposés de Mle REPP et de M. WOLFF, une tres  course d iscuss ion, a iaquel le ont 

ps i s  pa r t  M .M .  FRA:4KEL ,  DOORENBOS ,  GAASTRA  e t  JARV IS ,  a  f a i t  opparor t re  que ,  s a lon  f a  des c r i p t i on  fa i re  par  

les outeurs du Rutner 's  Phytocyc lone,  c 'es i  p lus un "very interest ing gadget for  researcher" (FRANKEL) qu 'un Phyto-

iron reel .  

M. LANDAU proposant de disouter "the des i rabi l i ty  of approaching the natural  condi t ion as far  as 

basic phytotronic arrangement" rernarqve qu'i l  faudrait peut etre reviser no theories. En diet, en porlant de photo-

periode sans insta l lat ion phytotronique, on compare en real i te ' 'a ser ies of  f ixed photoper iods with a ser ies of  gra-

dual ly changing l ight according to the lengthening day in Spring and for o given period of t ime the same overage 

doylength with other spectral  composition". On pourrait faire des essois comporatifs dans Sur. phytotron en changeant 

les var iables.  Mars i t  semble appare l -re qu ' i l  n 'y  a aucune informat ion sur la reo l isot ion de pare i l les  exper iences. 

M. SCHWABBE rernorque que ( 'emplacement d'un phytot ron  devroit erre chois i  en fonct ion du but 

poursuivi et particul ierernent des regions cl imatiques et principalement de la luminosite plus importance dons cer-

!v ines  reg ions ,  Aus t ro l ie  du Nord ou Sahara,  ou b ie r  de  la  &tree de lumiere ,  par exemple dons la  region arct ique  

o f  peu t  t roupe r  des  du rees  de  fours  p lus  l ongues .  Peu t - t i t re  m ime faudro i t - i l  env isager  un " je t  p l ane  equ ipped 

with a phytotron that could chase the sun". 

M .  KRAMER  s i gno l e  qu ' aux  U .S .A .  l a  me i l l eu re  p l a ce  se ra i l  ( ' A r i zona  mo i s ,  dans  ce  c os ,  i l  n ' y  

a ni  laboratoires, n i  bibl iotheque, ni  Univers i tet a proximite, donc tout est a creer en neuf. 

M. CHOUARD expose trim rapidement un pro jet imaginable d'un Phytotron au Sahara sons machine 

fr igor i f ique, base sur le pr incipe du Dr TROMBE qui ut i l i se, pour le refroidissement la parte de calor ies par le rayon-

nement de  lour  comma de nu l l ,  vers  l 'espoce  ce les te ,  a  par t i r  dune ser ie  de  t rout  dos  par des  f i lms  appropr ies  et 

assez profonds oubien or ient& pour que le fond soit taujours a l 'ambre. 

Au  su i e t  de  l a  " f l e x i b i l i t e "  ( c ' e s t - a -d i r e  l ' amp l eu r  de s  pos s i b i l i t e sd ' emp lo i )  M .  BANERJEE  (Co l o -

gne) pence que certains essais tels ( 'uti l isation de divers types de sots naturels definis par rapport a leer poovoir de 

retention de (`eau ne peuvel:t trouper place dons un phytotron. Mots M. KOLLER est ime qu' i I seroit touiours  possible 

de Greer "a s imulated soi l  envi ronment wi th s imulated moisture stress" ,  du moire dans cerra ines i imi tes technique-

men' possibles. 

M. COOPER rernarque que p lus ou recherche un grand nombre de combinaisons dans le  contra le  de 

I 'environnement plus le nombre de cabinets doi t etre e leve et i l  semblerait que le role du phytotron pourrai t  se l imiter 

a avoir "some kind of large center with coarrol  led cross gradients Ass ying radiation input, temperature and humid i ty " .  

Ace  su je t •  M .  SAL ISBURY  s i gna le  Possa i  de  M ,  WENT a  S t -Lou i s ,  base  su r  l e  p r i n c i pe  ' c r oss  g rad ien t  and  day and 

night temperature" et M. KRAMER ci te que le Phytotron de Madison cherche "to have some cross gradients rooms but 

there are very considerable di f f icult ies in design and we don't know how successful they wi l l  prove".  

MA. KRAMER et DOORENtOS remarquent que rnalheureuiement dons nos pays ocoidentaux les 

budgets des divers organisms gouvernernentaux sent trop r ig ides et empechent de real iser In f lexib i l i te desirable ,  

les chapitres .)udgetoires pour la corsti uct ion et l 'acquisit ion de materiel  etoat differents. 

Sur i• probleme de la "s'andordisation" des PL./rotrons (c'est -a-dire Pemploi universel des mimes 

carac te r i s t i ques  cu l tu ra ies ) ,  M .M.  F : :EL,  CHOUARD e t  SCHWABBE  on t  p r i s  par t  a l a  d i s cuss ion .  M .  KRANKEL  
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dit "I don't think time has arrived for standardized phytotrons" car i f  y e encore beaucovp trap de problernes biologi- 

ques et techniques qui  demeurent inconnus er or. ne peat deviner a l 'avance quel choix l imire de facteurs de Len-

vironnement serail plus opportun 6 reter ir .  

Par contre, M.M. C'-IOUARD et SCHWABBE seroient plutOt favorobles a la standardisation de cer-

ta ins facteurs ,  p.  ex.  qual i te  spectra le  de la iumiere,  v i tesse du vent.  Mais  cheque Phytotron devra i t  avoi r  Uf  

specialisation fel le que les chercheurs pourraient venir travail ler dans un phytotron Out& que clans un outre sur un 

probleme par icu l ie r  .  Pour  ce Fai re,  i t  faudrai t ,  b ien entendu,  d i f fuser  les caracter is t iques de chaque phytotron. 

Une courte discuss ion entre M.M. LEOPOLD, MORRIS, KLUETER et LINCK sur les possibi l i tes de 

s impl i f ier le systerne de cl imariset ior  des sal les ou peti ts cabinets en vt i l isant le mime our pour la c l imatisat ion et 

pour le refloidissement des Iampes a fai t apparetre que cette simplif ication pose des problemes techniques del icars. 

 

I I -  TEMPERATURE DE L 'AMBIANCE ET DES  PLANTES 

Les discuss ions sur la temperature ant porte sur deux points essentie ls ie probleme de la temperature 

et le probleme de la mesure. 

Au tours  de la d iscuss ion ossez an imee sur la temperature  e t  l 'ambiance,  M. JEWISS dec lare :  

"1 feel that too much attention has been paid to ambient temperature . . . car "of course, there are interesting re-

lationships between ambient air and that of the plant tissues but it may not be as direct and immediate as one often 

imag ined" .  

M. SALISBURY, par contre, pense que "the plant temperature is any different from the ambient 

temperature and it is a tremendously important question" mail seulement dans le cos 00 l ' intensite lumineuse est tres 

e levee. Cependant the leaf temperature is not the same as the ambient temperature". 

M. HUGHES s ignaie  qu 'a Reading un groupe de chercheurs  travai l le  sur  "for-red radiat ion balance 

energy in the small  cabinets and instal lat ion with integrat ion changes". 

N .B .  La temperature  de  l ' ambiance d 'un  loca l  c l imat ise Mont  ce l lo  de  fa i r  a l ' abr i  de tout  rayonnernent ,  le  pra-

b leme a e re  t ra i te  a Gi f -sur -Yvet te  en adoprant  pour  la  condu i te  de  la  regu lat ion ,  de  mime que pour  le  contrOle ,  

un tunnel venti le dans lequel  sont places les diverses sondes. Ce micro-tunnel est const i tue dune grande boite en 

meta l  chrome bien  ref lech issante ,  recouver t  in te r ieurement  de  p las t ique  expanse.  Un vent i la reur  fa i t  passer  fa i r  

de la piece a une v itesse de 3 m/sec. sur les diverses sondes. 

M.  BRETSCHNEIDER,  en  reponse a une ques t ion  de  M. NITSCH, donne que lques  prec i s ions sur  

l ' a l te rnance  des  temperatu res  qu i ,  cornme II  l ' i nd ique dans  sa conference,  ant  l ieu  taus  les  5  fours .  Cet te  duree  

prov ient des recherches effectuees d Giessen et qu i  montrent que "a cool  per iod of  f ive days may have an inf luence on 

y ie ld or  otner  date and therefore we take th is  pentode cyc le  through a l l  our  programs" car  5 fours  ant une inf luence 

sett lement pour 1/2 degre ;  s i  on prend une duree p lus  grande, 10 fours p.  ex . ,  i l  n 'appara i t ra de d i f ference que pour 

1 degre. L 'al ternance de temperature jour-nuit est comainee avec une periodic i te lournal iere de 5 ' lours. 

A ce sujet  M. WTHON suggere ( 'ut i l i sat ion 'Pun prograrnmateur astronomique qu i  permet d 'adap-

ter  le  cyc le quot id ien sans grande d i f f i cui re technique.  

M. 1V1OHR estime que le  prof:arme de rnesure "is hardly serious" ; bien entendu tout depend des 
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pcoblemes etudies mais les interferences entre la lumiere et les variations de temperature sont fres importantes. II lui 

semble qu' i l  seroit Hes interessant d 'etudier ottentivement la question i f  i t  i t  real ly reasonable to measure and to 

control the temperature in the air of such a chamber with a high accuracy without knowing exactly what the tempe-

rature differences are between day and night within the tissues for example". 

M. KRAMER, remorquant que out of doors practical ly al l our experiences hos been based on air 

temperature  c l imat ica l ly  speak ing and so on pose  lo  ques t ion  :  are  we go ing to  use  a  new index  ?" 

" I  wou ld  l i ke  to  sugges t ,  d i t  M. DIMOCK, that  i ts  most impor tant  to  def ine  how our  temperatures  

are being measured" car "when we have l ight intensities of approximately 5 thousand foot candles, we f ind that ele-

vat ions in  temperature is  about 3°C jump in the temperature of  the leaf  t issue when the l ights  are on over when 

they're off Mais  qu 'appe l le-t-on,  dans ce cat ,  une fo ible d i f ference de temperatures ? :  i t  terr ib le  que 3°C est  

une di f ference appreciable surtout s i  Ion considere "the number of degree hours during the day period".  

M. SALISBURY pence qu'avec 2000 fc dreclairoge„rname area un mouvernent d'air  important, on 

ne  peu t  a r r i ver  8  avo i r  the  a i r  temperature  fa i r l y  c l ose  to  the  leaf  temperature"  . . .  e t  qu ' i l  y  a  l i eu  de  ton ic  comp-

te de la difference dons not rnesures et dans les caracteristiques des chambres condirionnees. 

Pour M. JEWISS ce probleme de difference de temperatures est surtout important if you try to ex-

trapolate natural environments and try to stimulate them in the controls". In effet, dans ce cos, interviennent les 

differences specif iques et d'oaciptorion des plantes b la viresse du vent. Quelques essais ant ete fai ts S Stanford tut-

ce sujet. 

M. MOHR estime qu'i l  n'y a pas de solution generale et parfoi te car trop de focteurs interviennent. 

Neanmoins, ! 'uti l isation de thermocouples places a I Interieur de la plante au l ieu de thermametres notTnovx permet-

tra i t  de mainten i r  " the temperature of  the chamber at  such a leve l  in  order to mainta in the same temperature wi th in 

the t issue". 

Pour  M.  NITSCH,  lo  ques t ion  se  pose  de  la  fa ion su ivonte  :  Que l le  es t  la  temperature  de  lo  p lante  

et quel les t iges ou feui l les chois ir  pour la mesure ? II y  o, en effet, de grandes dif ferences. 

M.  WASSINK rappe l le  que la  d i f ference entre  la  temperature ambiante e t  la temperature  des feu i l les 

depend pr inc ipakerrent de Is  quont i ie  d ' in fra-rouge et spec ia lement de l ' in f ra-rouge lo inta in dans ies sources lumi ne 

uses. 

Pour M. LEOPOLD, la mei l leure fawn d'apprecier to temperature des feui l leseSt l 'emploi  du ra-

diornetre qui permet d'examiner routes les feuil les sans faire appel au thermocouple. 

En conclusion, M. KRAMER propose, pour lo prat ique, I `uti l isat ion d'e lerr ients sensibles proteges 

pour la mesure de temperatures, sans oubl ier que, pour certoins trovaux ecologiques et physiologiques, i t  faudra tenir 

compte du fait que la temperature observee sera differente de In temperature des feui l les. 

Et Mle REPP rappelle opportunement que lo satisfaction des besoins en eau dune plante peut faire 

var ier  la transpi rat ion,  donc la temperature des feu i l les.  

a 
  0  

III- LUMI ERE 

Les discussions cur la lurniere ant etc tree nombreuses et tres longues, car elies out pris, en realize, 

presque la moit ie du temps des reunions. Nous avant regroupe les diverses Ml les ernises dons lee paragraphes sui-

rants : 



 

a )  Q u a l i t &  s p e c t r a l e s  d e  l a  l u m i e r e .  

b )  In tens i te  l um ineuse  op t ima le  pour  l ' e c l a i rage  a r t i f i c i e l .  

c )  Poss ib i l i tes  e t  u t i l i te s  de  var i a t i ons  de  l ' i n tens i te  lumineuse .  

d )  Mesu r e  de s  n i v e aux  d ' e c l a i r emen t .  

e )  Types de lampes is  chois i r  :  lampes i f  incandescence 
lampes fluorescentes 
rapport fluorescence-incandescence 
lampes 6 vapeur de rnercure 

lampes 6 xenon. 

f )  Ref lec teurs  e t  pe in ture  des  murs .  

g )  Ver re  e t  p l as t iques  t ransparen ts  -  Fac i l i tes  de  ne t toyage .  

III- a) QUALITES SPECTRALES DE LA LUMIERE  

M.M.  GAASTRA e t  MOHR remarquent  que  l a  qua l i te  spect ro le  des  l ampes  vane  avec le s  fobr i cants  

et les pays. De plus, le choix du spectre optimum dolt dependre des recherches et des orgonismes cultives (Gigue, or-

ganisme inferieur et meme especes de plantes superieures). 

M.  MOHR s ignale  qu 'avec  un arc  6  Xenon on pout  reprodu ire le  p lus  exactement la  lumiere  so lo i re .  

En ut i l isant en complement des f i l t res  Schott  we approach the spectra l  d is tr ibut ion of  the sun in the range between 

300 and 750 mil lmicrons". 

M. NITSCH att i re  ( 'attent ion sur le  point su ivant :  S i  les  tubes f luorescents  cont iennent suf f i sam-

ment de "red and for-red",  i t  n 'est  peut-etre p lus necessai re d 'ajouter  de Ia lumiere incandescence ? Et,  d 'a i l leurs ,  

qu i  connatt  quel  rapport f luorescence- incandescence y a-t- i l  l ieu de mainten i r  dans un Phytotron ? 

M.  VAN de VEEN pense  que,  dans l 'opprec ia t ion  des  qua l i tes  spect ra les ,  i I  ne  faut  pas  suppr imer 

le proche u l t ra-v io let  qu i  ex is te dans ( 'emiss ion de la major i te  des lampes.  A voter,  d cc sujet ,  que "a p lant that  

has been growing al l  the t ime in the art i f ic ial  l ight environment wi l l  grow very wel l  and plants coming from outs ide 

have to adapt themselves". D'ai l leurs, les plantes ayant pousse sous lumiere artif iciel le ont quelques proprietes dif-

f e ren tes  ( cu t i cu le ,  p i l os i te ,  e tc . . . ) .  

II semble que, comme le remarque M. LEOPOLD, on ne peutseparer le probleme de la qualite du 

probleme de l ' in tens i te de Ia lumiere;  

M.M .  MOHR e t  LEOPOLD sou l i gnen t  l ' i n te re t  de  l a  commun ica t i on  de  M.  N ISHIZAK I  e t  pensen t  

que cette methode de determination in situ de l 'energie et du spectre dons les sal les du phytotron est tres uti le " in 

order to know what spectral  distr ibution we have especial ly in the case when you odd incandescent l ight to other 

sources". 

M.  WASSINK es t ime qu 'a  l 'heure  actue l le  aucune in format ion ser ieuse  ne  peut  e t re  donnee en ce  

qui  concerne la qual i te  de la lumiere car  "a s l ight d i f ference in very speci f i c  spectra l  regions might cause great ef -  

fect".  Neonmoins, on peut actuel lement to grow quite normal plants at fair ly low intensit ies with only dayl ight f luo-

rescent  tubes" .  Cependant ,  rna lgre  ce la ,  M.  WASSINK prefere instal l  as high energy as we fair ly can without 

exaggerat ing the vent i lat ion requirements too much. We don' t  yet know what sort  of  spectra l  condi t ions we wi l l  have 

to  make to  ach ieve normal  p lants  in  our  new condi t ions".  Auss i  u t i l i se - t- i l ,  dans  son laborato i re ,  "80 f luorescent  

tubes of 120 W from something l ike 1 1/2 times 3 squares meters". 



 

III- by INTENSITE LUMINEUSE OPTIMALE POUR L'ECLAIRAGE ARTIFICEL 

Parmi les nombreuses remorques fai tes sur cette quest ion, retenons les plus interessantes : 

M .  DOORENBOS  s i gna l e  une  c ompa r a i s on  f o i t e  a  Wagen i ngen  s u r  l a  c r o i s s an ce  de s  p l an t e s  dan s  

les  memes cond i t ions  de  temperature  e t  de  duree d 'ec la i rement  en ser res  e t  en  sales  a ec la i rage ar t i f i c ie l  :  " In  de-

cember  ,  the  p lant  unde r  f luo rescen t  tubes  grew bet te r  than in  the  g reenhouses  and  the  d i f fe rence  become less  and 

le ss  as  the  na tu re  l i gh t  i n tens i ty  rose ,  in  march  the  g rowth  of  the  p lan ts  under  the  P I .  40  W tubes  l i gh t  was  the  same 

as  under  the  sun l ight  and than in  Apr i l  and may the p lants  in  the  sunl ight  was a head".  D 'o0  i t  conc l -u t  que Ta c ro is -

sance  tou t  au  l ong  de  i ' annee  dons  l e s  cond i t i ons  d ' ec l a i r age  a r t i f i c i e l  se  r approche  a  Wagen ingen  de  ce f l e s  du  mo i l  

de  mars  en  ec l a i rage  no ture i .  

M .  GAASTRA,  a ins i  que M.  LEOPOLD,  pensen t  que nous  conna is sons  rna l  l es  cond i t ions  opt imales  

d ' i n tens i te  l um ineuse  pour  l e s  p l an tes  e t  i t  ne  l eu r  pa ro i t  pas  du  tau t  ev iden t  que  l a  l um ie re  es t i v a l e  s o f t  au -dessus  

de l 'opt imum. Ce la sera i t  du" p ia& ay fa i t  que Pine des att i res condit ions so i l -  l imi tonte,  par  exemple :  temperature,  

ven t i l a t i on ,  i n su f f i sance  de  nu t r i t i on  ou  d ' a r rosage .  Ce  po in t  pou r ra i t ,  s emb le - t - i l ,  ' e t re  ve r i f i e  dons  [es  phy to t rons ?  

M .  CHOUARD  remarque ,  a ce  su j e t ,  que  ce  n ' e s t  p as  du  t ou t  l a  meme  chose  d ' e s saye r  de  r ep rodu i re 

exacternent les  condit ions nature l les  que de povvoi r  d isposer de bonnet condit ions reproduct ib les a volonte,  inc le-

f in iment.En effet , au phytotron, sous lumiere art i f i c ie i  le  constante,  pendant 8-12 ou 16 heures,  [es resu l tats  obtenus 

conce rnant  les  processus  photosynthe t iques  son t  f res  d i f fe ren ts  de  l a  na tu re  o0  i t  y  a  var i a t i on  pra t i quement  perpe tue l -

f e  de  l ' i n tens i te  :  au  cou r t  d 'une  f ou rnee  d 'e te ,  ve r s  l e  m i l i eu  de  l a  i ou rnee ,  l ' i n tens i t e  l um ineuse  es t  ou  mo ins  4  

fo i s  svpe r i eu re  a ce l l e  ob tenue  avec  l e s  me i l l eu r s  tubes  f l uo res cen ts .  Ma i s  Ta  pe rmanence  e t  l a  cons tance  du  f l ux  de  

ces  de rn ie r s  au  tou rs  de  l a  j ou rnee  fon t  que  l a  p roduc t i on  de  mat ie r e  seche ,  l a  pho tosyn these  e t  Pe l l e t  pho tope r i od i -

que sons mei l leurs. Dons ce car, certaines plantes (Myosurus minimus,p.ex.) ,ou  l ieu de rester plontes de fours courts, 

dev iennen t  ind i f fe ren tes .  11  es t  abso lument  ev ident  que  Les  p l an tes  s ' adapten t  a 10 lumiere  ar t i f i c ie i l e  mais  ce t te  

adap t a t i o n  n e  s e  r e a l i s e  que  pou r  l e s  i e unes  f e u i l l e s ,  l e s  v i e i l l e s  f e u i l l e s  n e  c hangean t  n i  l e u r  t e x t u r e  n i  l e u r s  

racteres. 

Ce  f a i t  e s t  con f i rme  pa r  M.  LEOPOLD e t  su r tou t  par  M .  WASS1NK  qu i  c i t e  l e s  t r avaux  de  M .  

PETERS  sur  ( ' adaptat i on  des  feu i l l es ,  p rob leme ana logue  au  "o ld  p rob lem of  the  sun  and shade  leaves" .  

M.  N1TSCH  pose  10  ques t i on  su ivan te  a  M.  BRETSCHNEIDER  Le  cyc l e  de  5  Tours  de  tempera tu re  

i nd i que  dans  sa  con f e r ence  e s t - i l  c omp l emen ta i r e  o  un  c y c l e  d ' e c l a i r emen t  va r i ab l e  ?  Le s  expe r i ence s  a  c e  su j e t  

n 'on t  pas  e te  fo i tes .  Cependant ,  M .  BRETSCHNEIDER a  rea l i se  one expe r ience  qu i  semb le  i nd ique r  que  l ' in tens i te  

l umineuse  peu t  por t ie l l ement  e t re  remplacee  par  une  du ree  de  l ou r  p lus  longue ,  no tammeni  un  passage de  25000  lux  

0  20000  l ux  peu t  e t re  compense  par  un  a l l ongemen t  de  to  du ree  du  jou r  de  2  heu re s ,  c r oC t  i t  conc lu t  que  :  The  

e f fec t  o f  two hours  l onge r  days  mode  about  5 .000  lux" .  

Cec i  a  e te  e ga l emen t  cons t a te  pa r  M .  LEOPOLD , comme  on  peu t  l e  v o i r  dans  f a  pub l i c a t i on  de  

M.  WENT de 1957 contenant  a ce  su je t  de  nombreuses  exper iences,  notamment sur  les  tomates .  

M. de LINT signale egolement un essai sur LaRue oa l ' intensite lumineuse et la duree du jour se 

compense ra ien t  ?m i l s ,  dons  ce  cos ,  in te rv ien t  peu t -e t re  une  ac t ion  de  ( ' in f ra - rouge .  

M.  BRETSCHNEIDER pense  que  ces  compensat i ons  son t  fonc t i on  de  l a  duree  de  l a  vegeta t i on .  

M .  MOHR rappe l le  que  les  ex igences  des  p lan tes  son t  f res  var i ab les  e t  I '  "energy  requ i rements  

might  be  d i f fe rent  in  the re lat ion  1  to  10 but  you cer ta in ly  can grow many p lants  wi th  8-10 .000 lux  f rom seed to 

s e ed " ,  
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M. LEOPOLD uti l ise dons son loboratoire une source lumineuse donnant 5.500 fci si necessoire ovec 

f i l tre ; mais est-ce necessaire d'al  ler s i  lo in ? 

Pour  M.  KOLLER,  l ' i n tens i te  op t ima le  depend des  p l an tes  :  a in s i ,  pou r  le  Ma is  p .  ex . ,  on  n 'ar r i ve 

pas a saturat ion,  mime en p le in so le i l .  

M. 3OGUSLAVSKY remarque que le  probleme de l ' in tens i te  lumineuse est  etro i tement l ie au pro-

bleme des mitres facteurs de croissance et du rapport existent entre chocun de cis facteurs. En effet, la nature nous 

donne des exemples :  In the Nort  s tates of  Europe where we have a shorter  vegetat ion but a longer  day,  the y ie ld 

of  the p lants  i s  the some as in  Centra l  Europe".  Auss i ,  ( 'op in ion de M. BOGUSLAVSKY sur l ' in tens i te  lumineuse et 

non sur to probleme du spectre de la lumiere (qui serait un probleme different) est I "Have you the plant in the same 

condi t ions as i t  is  growing in Nature ? This  is  certa in ly  very important for  us because we have spec ia l  plants  ;  and 

we can say under our condit ions we had the dry method as in the plant in Nature and we have the rat io of grain to 

the vegetat ive part of the plant as in Nature. These indicat ions ore for my opinion, very important to th is problem. 

How is the rat io of  l ight to temperature, length of day or photoper iod".  

N.B.-  Le maint ien d 'un n iveau d 'ec ia irement ouss i  constant que poss ible  pose la quest ion du v ie i l l i ssement et  de la .  

-TTs .; de f lux, donc du changement des [ampes. S i  la courbe de baisse de f lux des lampes a incandescence avec 
Page est relativement peu importante at bien connue, cells des tubes fluorescents Pest beaucoup mains. Les courbes 
proposees par les  fabr icants  soot fausses par defout et  obl igent l 'u t i l isateur  a un contra le permanent.  A Gif -sur-
Yvette, apres beaucoup de tatonnements, on a const i tue des plafonds lumineux avec un melange de tubes de divers 
ages at  e l iminat ion des tubes de 125 W. apes 4000 heures d 'ut i l i sat ion.  Cette  bacon de proceder,  fast idieuse,  cer-
met de nxi intenir  un niveau d'ec lairement dont la var iabi l i te est infer ieure a -1-15 %.  

III- c) POSSIBILITES ET UTILITES DE VARIATIONS DE L'INTENSITE LUMINEUSE 

M. DIMOCK att i re ( 'at tent ion sur le point  su ivant :  When we are d iscuss ing cycl i c  var iat ions bet-

ween high l ight intensities and low l ight intensity, we are also discussing variations in leaf temperatures and all  that 

impl ies." 

1- Realisation de l'aulDe at du crepuscule 

Mle REPP est ime, de mime que M. BOTTLAENDER, qu' i l  est necessaire "to increase s lowly the in-

tensity of l ight and to decrease it s lowly also" car, dans le cos controire, avec "sudden shocks of heat or l ight the 

chloroplasts c lump together" et i t  lu i  semble que, dons un phytotron, "that shocks of l ight shouldn't be too strong".  

M. LEOPOLD rappe l le ,  a ce sujet ,  les  ancient essais de M. GORDON, vers  1930, sur la per iods 

d'induction du systerne photosynthetique qui "takes several minutes say in the range of 2 to 5 minutes for full range 

photosynthesis to set in". 

M .  DOORENBOS s igna le  qu 'on  pou t  remplace r  l ' aube  a t  le  c repvscu le  par  de  nouve l l es  l ampes  

"d im incandescent  l i gh t  and  d im f luo rescen t  l i gh t " .  M.  DIMOCK n 'en  a  pas  en tendu  par l or  mais  M.  MORRIS u t i l i se  

un "dimming device on fluorescent tubes" pouvant diminuer l ' intensite jusqu'o 75 % du maximum, malt it ne salt pas 

toutefois s ' i l  y a en mime temps var iat ion de la repart i t ion spectrale.  

M.  KLUETER indique qu 'e  Be l tsv i l le  les  lampes f luorescentes  ant  des ba l las ts  separes :  they  have 

chokes  and they  have  capac i tors  and there  was  a  smal l  cap i ta l  bal las t  that  goes  r ight  in ,  w i th  the  lamp,  and in  th is  i t 

is  poss ible to dim the l ight and get the fu l l  out put to the maximum,this system is be ing manufactured commercial ly".  

Mais M. MORRIS real ise dans ses cabinets I '  "effective dimming by turn out l ight on the cabinet", 

chacune des 58 lampes pout erre ete inte par un programtnateur en donnant une precis ion de plus ou mains 1 %. 
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M. DIMOCK suggere une rnethode s imple pour faire var ier l ' intensite sans toutefois savoir ce que 

deviendra la qual i te, c 'est de "to merely vary the regular f low of air  over the tubes so that their  temperature var ies". 

2- Lumiere intermittente :  

Mle REPP signale la possibil i te de ('uti l isation de la lumiere intermittente fournie par des lampes 

Siemens uti l isees normalement pour ie balisage des aerodromes et fournissant une lumiere fres puissante. 

M. BOTTLANDER indique un essai  effectue avec de la lumiere intermit tente a l 'a ide d 'un d isque 

a secteurs tournant en 2 minutes. Les plantes obtenues avaient une bien meilleure croissance et etaient bien plus co-

['Drees que les remains. 

Mais M. MOHR, comme cela a ere debattu a Oxford, pense que la lumiere intermittente est dan-

gereuse car "apparently, photosynthesis and the different photomorphogenic processes have different requirements". 

Aussi ,  i t  ne recommande pas cela pour une instal lat ion de phytotron "before we know more about this".  

M. LEOPOLD pose la quest ion sur davantage d'avoir le "twi l ight effect on the morning and on the 

evening because you would not complete ly  saturate your l ight system". Mle REPP di t  que M. ZANDLER et ( 'Agr icu l -

tura l  Research Inst i tute de V ienne travai l lent sur  ce probleme, mois  chacun d 'un point de vue d i f ferent :  M. ZAND-

LER sur l 'ef fet photoper iodique et l ' Inst i tu l  d'Agr iculture etudie la question de la diminution des frais.  M. SESTAK 

rappel le que ces questions ont cieja etc elaborees en 1956 et discutees avec l 'effet Emerson. 

M.  DOORENBOS n 'oub l ie  pas  qu 'en hor t icu l tu re  "we are  in te res ted in  opt imal  condi t ions  and the 

f ight intensi ty  of  the sun in our country in  the middle of  summer is  too h igh,  over the opt imum". Aussi  prat ique-t-on 

le c layonnage des serres. II est, par consequent, interessant de pouvoir changer a volonte, par ext inct ion d 'une par-

t ie  des lampes,  comme cela est  rea l isable  au phytotron de Wageningen,  l ' in tens i te lumineuse dons les sa l  les  scion 

les  p lantes  cu l t i vees .  Cet te  poss ib i l i te  parat t  a  M.  LEOPOLD in te ressante e ta re ten i r .  

I I I -  d )  MESURE DES  N IVEAUX D 'ECLAIREMENT 

Cette quest ion, part icul ierement importante,  a etc abordee a plus ieurs reprises. Les plus interes-

san tes  re rna rques  on t  e re  f a i te s  pa r  M .M .  GAASTRA,  KOLLER ,  LEOVTLD ,  MOHR,  VAN  de r  VEEN,  WASS INK  e t  

W O L F F .  

M. WASSINK est ime que, pour etre valable,  I  I  Faut executer  :  "our  l ight measurement in  the cor-

rect way which means that we should know more or less the propert ies of our measuring apparatus and secondly that 

we descr ibe our experiments suff ic ient ly wel l  for somebody to repeat us".  

M. MOHR complete cette idee : "Everybody con use instead of a s ingle photo element or photomul-

t ip l i fyer d i f fuser system is  avai lab le  nowadays and then he can be sure that the l ight  which comes from angles is  

about  measured in  the  same way and that  can be ach ieved wi th  a  l i t t le  b i t  of  add i t ional  techn ica l  ach ievements" ,  

Mais i t  faudrait ajouter a cela la distr ibution spectrale de la lumiere a [ 'aide dune methode s imple, par exemple en 

uti l isant un spectrophotometre enregistreur. II propose egalement en var iante de cal  ibrer I a mesure fa i te avec le 

photo-element a l 'aide d'un spectrophotometre et de donner les valeurs mesurees en unite absolue, ce qui, sans etre 

absolument exact, permet de se mpprocher davantage de la real i te qu'une mesure sans aucun commentaire. 

Comme precis ion pour le  systeme de mesure,  M. MOHR di t  que tout appare i l  " i f  you just  keep the 

upper e lement in  the space i t  measures on ly a certa in percentage of  angle of  180 or 360 degrees ' .  Auss i  i i  taut ajou-

ter a la cel lu le ou au photomult ipl icateur un dif fuseur qui peut, par exemple, etre en pyrex de facon A ce que the 

d is tr ibut ion of  the energy wi l l  be homogeneous independent ly  of  the d irect ion in  which the l ight beam enters" .  B ien 

ent endu, ajoute-t- i l ,  "you have then, of  course,  a certa in spectra which must be ca l ibrated a certa in spectra l  re- 
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production through the diffuser system, but this spectra can be eosi ly determined with one cal ibrated wavelength and 

in this way one can reduce the cosign error of the whole system down to one or two per cent". 

M.  WASSINK complete  cet  exposé  en  rappe lan t  l e  t rava i l  qu i  a  ete rea l is t  dans  son laborate i re  e t 

qu i  donne la repart i t ion spat io le  de la lumiere avec une erreur d 'env i ron 10 %, (Note de la redact ion :  fa descr ip-

t ion de cet apparei l  est donnee dans I 'ort ic le suivont de l 'auteur : "A spherical  radiat ion meter for plant i rradiat ion 

purposes" by E.C. WASSINK - Proceedings ist international Photobiologicol  Congress, Amsterdam, 1954, pp.299-303) 

Neanmoins ,  M.  WASSINK sou l i gne y a deux points a considerer : "First what l ight is  incident from a f iat surfa- 

ce and than you hove to take core of  the cosign law as Dr GAASTRA said",  quest ion qui,  a son avis, est plus ou 

mains resolve. Mois "the other thing you want to know is the incidence into a point of space which is especial ly rea-

sonable i f  you have a sort of three-dimensional plant standing somewhere in a l ight f ie ld" at  c'est precisement ce 

deuxieme point  qui  o ete reso lu avec Peppere i l  decr i t .  

M. WOLFF s ignde ega lement  qu 'un appore i l  :  le  Sphero lux,  meter,  est  commerc ia l i se par  les  Ets  

Bu tne r  de  V ienne .  Appare i l  qu i ,  comme le  f a i t  renorque r  M.  LANG,  ressemble  for tement  d  ce lu i  dec r i  pa r  M .  

WASSINK.  

M .  VAN de r  VEEN rappe l le  ce qu i  a  e re  d i t  pa r  M .  NISHIZAKY  dons  so confe rence  en  ce  qu i  con -

cerne la mesure de fa lumiere et son express ion en lux et foot candle qu i ,  pour des valeurs ident iques,  peut donner 

des  resu l ta t s  t i e s  d i F f e r en t s .  Auss i  p ropose - t - i l  "We  m igh t  b e t t e r  g i v e  t he  sp ec t r a l  i nd i c a t i ons  o f  t h e  l amps  used  and  

l ight  qual i ty" .  

N .B.  -  Les  mesures du n iveou d 'ec la i rement ,  a  G i f -su r -Yvet te ,  sont  e f fectuees  avec  :  un pyrhe l , i o rnet re KIPP pour  
TeTergie solaire directe et diffuse et avec un thermopile JACOBSEN pour Peclairement des sol les obscures. Un 
spectroradiometre ISCO permet ( 'analyse spectrale, in s itu, dans les sal les. 

A noter egalement que l 'ouvrage "Actinometry and atmospher ic optics" Ed. Valgus, Tal l inn 1968, 
donne la description des appareils sovietiques qui permettent de mesurer les radiations photosynthetiquement actives 
(FAR) ,  mesures  p recon isees  par  A .A .  NICHIPOKOVICH.  

I I I -  e )  TYPES DE LAMPES A CHOISIR 

Mle REPP, se bosant sur  le  fa i t  que la grande major i te  des scient i f iques reunis  sont botonistes et 

n 'ont, par consequent, que peu de connoissances sur les lampes a uti l iser,  propose, pour l 'avenir,  de faire connaitre 

"what a  sort  o f  lamp is  used in  th is  or th is  phytotron and what lamp is  may be use in d ivers  c i rcumstances.  May be,  in  

th is  way ,  we could do someth ing usefu l  for  the future some technica l  he lp" .  

M. WASSINK ne pense pas qu'une comparaison des resultats obtenus par les physiologistes dans ( 'u-

t i l isat ion des diverses lampes soit tres interessante,  comma ceci  a ete constate au Col loque de Canberra,  en 1962. 

A ce sujet,  M. GAASTRA surencher i t en remarquant que, pour les plantes tout depend du probleme 

e t ud i e  c a r  "many  t r e a tme n t s  a r e  b a s i c a l l y  d i f f e r en t  i n  d i f f e r en t  en e r g i e s  a nd  i n  s ame  v i ew  s pe c t r um  d i s t r i b u t i o n  wh i c h  

we have in spectrographe distr ib-ution doing so from different lamps is very reasonable for choice of different kind of 

sources". 

M .  BOGUSLAVSKY  fa i t  r ema rque r  avec  pe r t i nence  que  dons  l e  cho i x  des  qua l i te s  de  l a  l um ie re  

rout depend "how long you wi l l  have the p lant in  the chamber and how long you wi l l  make your exper iments"  et egal  

ement  "when you have an exper iment for  a short  t ime i t  i s  poss ib le  to have one or two factors  which are contro l led 

and the other  factors  are constant.  But when you are mak ing exper iments for food and vegetat ion i t  needs that you 

make a program for many factors depending from the number of chambers you have for doing i t.  I think that the mi-

nimum 8 or 10 chambers is necessary because you have in your system minimum 5 or 6 factors. I think that only the 

experiments for short t ime can be made in the cabinets", ceci  parce qu'on ne pourra jamais r ien conclure sur aucun 
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probleme de physiologic vegetale s i  l 'on ne possede pas des planter normales 6 croissance s imi laire et dienviron ma-

me aspect que dans la nature. fans ce car, it  en serait de meme, pour un Phytotron, du chats de la dimension et du 

nombre de p ieces,  routes quest ions qui  dependent essent ie l lement du point su lvant "You wi l l  have exper iment for 

short t ime or you wi l l  have exper iments for the whole vegetation".  

Mats ,  comma le  remarque jus tement  M.  KRAMER,  ce qu i  es t  le  p lus  d i f f i c ie  c 'es t  de  pouvoi r  dec i -

der c lairement et obiect ivement "what i t  is  and what to do. It  seems s imple but i t  is of ten very di f f icult".  

M .  WASSINK mppe lan t  que nos  conna issances  of  the  reac t ion  o f  a  p l ant  to  an  env i ronment  i s  

sti l l  in a very primitive state, especial ly as far as serial  variations of factors are concerned" propose d'adopter "a 

certain technical ly manageable i l lumination which is reasonably sat isfactory for average purposes and start our in- 
vest igat ion with that".  II suggere ' to adopt the same type of lamps, but lust each for ourselves adapt a certain type 

of lamp and just start making l ight intensity ser ies or whatever you l ike' .  

M.  fv1OHR pense  que an un i f icat ion of  l igh t  sources  wou ld be  h igh ly  des i rable and on the other 

hand a certain uni f icat ion how to measure l ight intensity would be desirable also" ceci  dans le but de comparer les 

resuitats de divers laboratoires. Afin que les essais soient reproductibles, if four une bonne description des methodes 

d'ec lairage uHl isees et egalement de l 'opparei l  de mesure car les valeurs seront di f ferentes avec les e lements sensi -

bles ut i l ises : photoelement ou thermopi le, p. ex.  

M.  LANG ne  pense pas  comme M.  MOHR e t  es t ime que l e s  ins ta l l a t i ons  "depend on  what  we wont  

to  do  :  i f  we want  to  s tudy spec i f i ca l l y  l i gh t  adapta t ion ,  spec t ra l  hea t ,  e tc . . . ,  th i s  i s  a  d i f fe ren t  cond i t i on  bu t  i f  

we want to do some other photoperiodic experiments al l  we need to do is to grow the plant under standardized condit 

ions" . 

M. SALISBURY est du mieme avis  que M. LANG, tout en s ignalant que "sure ly  we could make every 

effort to make the best measurement so we can define our conditions but to try to have uniform conditions every where 

i t  seems a l i t t le bit  ear ly to be approaching that sort  of  th ing".  

In  conc lus ion de  lo  d i scuss ion ,  M.  LEOPOLD pense  que " the  object ive  of  h igh in tens i ty  i s  somet i -

mes co;  real ly  a l l -pervading requi rement that is  the quant i ty  of  l ight i s  s t i l l  real ly  an uncerta in issue,  and how se-

r ious i t  i s  to have h igh,  medium or low intens i t ies is  not real ly  c lear" .  

The quality of l ight remains an empirical decision : you l ight your lamps and you hope that the 

qual i t  ies of l ight are giv ing you the response that you can put up with". 

Auss i ,  M .  LEOPOLD suggere  que pour  rou te  nouve l l e  cons t ruc t i on  de  phy to t ron  i i  f au t  

- faire un essai  en petit, constater une bonne croissance, puis instal ler les men leures lompes. 

1- Lampes 6 incandescence : 

La d iscuss ion  concernant  les  d iverses  lompes  ut i l i sab les ,  proposee par  M.  LEOPOLD,  es t  engagee 

par M. LEWITT qui s ignale qu 'avec des ' ' incandescent spot lamps p laced s ix  inches apart ,  i t  i s  poss ib le  to get the 

fu l l  intensi ty  of  sunl ight and foot candles were a l i t t le h igher.  The wavelength d is tr ibut ion was supposed to be pret-

ty near that of sunl ight".  

M .  CHOUAR  pose  i s  ques t ion  de  l ' u t i l i s a t i on  des  " i od i ne  l amps"  qu i  so r t  a i n candes cence  mats  

de 10.000 heures de duree de v ie et qui  sant survoltees, donc avec une qual i te de lurniere rnel leure que ( ' incan-

descence ord inaire.  Ces lampes ant beaucoup d ' infrarouge que l ion peut part ie l fement e l iminer avec is &ran &eau 

et disposer ains i  de 50 a 80.000 lux, intensite parfai t necessaire et re lat ivement ban maiche sans instal lat ion spe-

chi le.  M. SALISBURY precise que l l iode sert dare ces lampes uniquement comme regenerateur du tungstene du f i la-

ment qui normalement v ient se precipi ter sur les parois de lo lampe ; la courbe speqtrale est Cel le dune lampe 

incandescence normal e. 
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M. SALISBURY indique aussi  ( 'ut i l i sat ion poss ib le de "quartz l ine incandescent lamp of  f ive hundred 

watts" : en placant 24 tubes de la dimension d'un crayon a 1 inch de distance en 2 rangees, on obtient une intensite 

lumineuse tres elevee. II faut ut i l iser un f i l tre 6 eau pour evocuer la chaleur excessive et diminuer une certaine quant i ty  

d ' in f ra- rouge. 

M. KLUETER rappelle que toutes les latrines a incandescence peuvent etre sous ou survoltees ; malheu-

reusement,  cela se repercute obl igato i rement sur  lour duree de v ie  ;  p.  ex.  photof lood ou f lash bulb dont on peut 

augmenter la luminosite de dix fois et plus, mai l  dont,  dans ce cas ,  on diminue de 1.000 fois et plus la- duree de 

vie. 

2- Laryes fluorescentes : 

M. LEOPOLD pose lo question t Y a-t-il eu des comparaisons faites entre lampes fluorescentes corn-

mercial isees et notamment les dernieres noes : Gro-Lux (Sylvania) ou Plant-Gro (Westinghouse) qui ont approximati-

vement le meme spectre d'emission ? 

M.  NITSCH  ind i que  que  "day  l i gh t  tubes  g i ve  be t te r  g rowth  than  the  Gro -Lux  " .  Ce c i  s emb le ,  

d 'apres M. LEOPOLD, etre d6 a ce oue "the Gro-Lux has a very poor rat io of  red and for  red in the spectrum". ?v ia is  

M.  GAASTRA t rouve que per  un i t  of  l ight  emiss ion the  Gro-Lux  has  twice  os  much red as  the  sunl ight" .  

N.B.- OSRAM fabrique depuis 1968 des tubes f luorescents appeles "FLUORA" qui emettent essentie l lement des lu-
mieres bleue, violette, orangee et rouge. Ce spectre d'emission (trees pauvre dons le vert) recouvre bien le spectre 
d'act ion photosynthetique et, ae ce fait ,  ces tubes presentent un interet certain pour la croissonce des plontes. 

M .  SAL ISBURY  s i gna l e  qu ' avec  l e s  t ubes  Phy t o r  "h i gh  p l an t s  g r ow  v e ry  f i n e " .  M .  BOULLENNE ,  

qu i  a mis  au point ces tubes avec les ACEC en Be lg ique d i t  : "We succeeded to have a mixture of  d i f ferent wave-

lengths by which we had the same result in the growing of plants, the dry weight, the color, the length of sterns, the 

f lower, the type of Flowering at the same t ime and wi th the same dry weight in the green house and in the cabinets.  

We found out that wi th 4 tubes of  d i f ferent wave lengths we have a mixture which is very successful .  They succeeded 

in the factory to put the wavelength of those four tubes into one tube we cal l  Phytor" . II fa it  remarquer egolernent 

qu 'a l 'epoque on se preocupai t  moins des radiat ions rouges que l 'on a for ternent redui tes mais ,  avec nos connais-

sances actue l les ,  "perhaps we shal l  t ry  to introduce i t" .  

M. WASSINK, precisement, pense que, pour divers tubes, le spectre est suffisomment correct pour 

permettre une forte absorpt ion p igmentai re photosynthet ique. Par  cont le ,  morphogenetiquement,  "which p lays wi th 

the pigment phytochrom which presumably is  present in very low concentration we wil l  have very sharp bends" et it 

semble que "certain tubes having some of this near infra-red (or far red) ore much better than some which have none, 

or much less" et c'est de cola qu' i l  Faut surtout tenir compre dans le choix des tubes. 

Sur une question de M. LEOPOLD "If  any one has hod exper ience mixing bulb types lamps to enhance 

the red end of  the spect rum ?" M. DOORENBOS prec ise  que " i t  i s  not  red,  actual ly  TL  55  Ourn ie re  du jour) i s  blu ish 

but i t  has th is  in fra red in i t" .  II  s ignale egalement que "we f ind that the ef fect of  f luorescent l ight depends on the 

species of the plant" et i t lui semble, 6 la suite de plusieurs experiences avec et sans incandescence en complement de 

tubes f luorescents, que souvent " i t  is  just an absolute quanti ty of infra red and not the percentage which is important.  

Of course, the percentage remains the same, the absolute quanti ty r i ses including more f luorescent tubes".  Avec 

certa ins tubes,  comme p.  ex_ "the co lor  29 (B lanc Super)  which has a lot  of  red but no ta i l  to  i t  in  the in f ra-red 

there ore  some plants  that  don ' t  gcow very  we l l " .  Auss i ,  oc tue l lement ,  " I  have  subs t i tu ted par t  o f  these tubes 29 

for the color 55 which is the one that has thin str ipes, that has most infra-red in i t  and than that has given quite an 

improvement in those plants that did not grow before". 
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N.B.-  L 'ut i l i sat ion des tubes f luorescents  "Lumiere du jour"  de 125 W. a toujours donne d 'excef lents  resu l tants 
a Gi f -sur -Yvet te .  Neanmoins ,  l e  spect re  emi t  e ta i t  souvent  modi f ie  avec le  v ie i l l i ssement.  Ce  fa i t  es t  sans  dovte  
du au melange de poudre uti l ise dans la fabrication en quantite peu importante. A partir d'aici i it 1968, de nouveaux 
tubes f luorescents 'B lanc Super" de 80 W on' ete ut i l ises pour raison d'economie. Ce changement provoque que 
que lques var iat ions quant i tat ives dans le  deve loppement de quelques p lantes,  notamment chez Anago l l i s  arvens is ,   
en ol longeant la dyree d' induction f lorale. Par contre, aucun chongement qual i tat i f  n 'a ete observe sur les quelques 
quarante especes de plantes en etude depuis plusieurs annees. 

M.  WASSINK, au su je t  de  la  qual i te  des lampes ,  re rnarque qu 'avec des lampes  "day l ight  f luores -

cent tube only" i t  a obtenu de tres  bons resul tats .  Or,  on par le  de p lus en p lus d 'ajouter  de ( ' incandescence. Peutetre 

est-ce indispensable,  mais  i t  semble que tout depend de l ' in tens i te  lumineuse et les  conc lus ions des essais  a fo ib le  

in tens i te  ne  do ivent  pas  e t re  ex trapo les  aux  for tes in tens i tes .  Comme le  sou l igne  M.  MOHR, i t  foot  un bon equi l ibre 

entre le spectre v is ible, le proche (red) et le lointain infra-rouge (far  red) durant toute la duree des exper iences. 

En  ce  qu i  concerne  les  re f lec teurs  separes  ou  incorpores  8  l ' i n te r ieu r  des  tubes ,  M .  MORRIS,  qu i  

les a compares, signale : "We f ind that, in our cabinets with the common reflector over the top of the bank, we have 

greater  out  put  than wi th  re f lec tor i zed tubes" .  La meme observat ion  a d 'a i l l eurs  ere fo i te  au Phytotron de G i f ,  au  

tours des essais prel iminaires d 'ec lairage. 

N .B . -  Les  mesures comparat ives  fa i tes  a  G i f -sur-Yvet te  ont  permi t  de  cons tate r  qu 'un tube f luorescent  recouver t  d 
un ref lecteur parabol ique en aluminium pol i  ec laire plus que tout autre systerne de ref lect ion de la lumiere 

- Tube f luorescent sans aucun ref lecteur - 900 lux (100 %). 
-  Tube f luorescent avec  ref lec teur  incorpore  -  1680 lux (186 'Q. 
-  Tube f luorescent avec ref lecteur et  ref lecteur a lumin ium pol i  -  2460 lux (273 %). 

- Tube f luorescent sans ref lecteur incorpore moms avec ref lecteur aluminium pol i  - 2600 lux (288 %). 

M. VAN de VEEN est ime que ces resultats proviennent de ce que "a lot  of dust coming down on the 

upper part  of the tube and so when you have a good ref lector and dust free tubes, then you can better have a ref lector". 

M .  KLUETER es t  en par fa i t  accord avec  M.  MORRIS  su r  l ' i nu t i l i te  des  re f le c teu rs  incorpores  dans  

les  cabinets .  I I  pense ,  en  p lus ,  que " the  out  put  goes down on ref lectors  a  l i t t le  bi t  fas ter" .  M.  LEOPOLD a egale -

ment fait la meme observation. 

3- Rapport f luorescence -  incandescence :  

M. LEOPOLD propose une courte discussion sur "the ratio of fluorescent to tungsten lights in the 

convent ional  l ight bank system". A combien ce rapport peut- i l  s 'e lever  :  10 ou 20 % par Watt ?  

M. LANG pense que nos connaissances sur ce sujet  sont t rop vogues.  Un tres grand nombre de p lan-

tes croissent tres bier, sans incandescence. Main pour le Pois p. ex., lo floraison est legerement affectee ; 8 Argonne 

Laboratory on a egalement constate que certo ins  Co leus ant besoin d ' incandescence. Auss i ,  i t  semble qu'une addi t ion 

de 10 6 20 %d' incandescence en Watt 8 la f luorescence est a reten i r  bien que "I  would th ink that most p lant 

can do without i t  and that f luorescent tubes provide them suff ic ient energy in the long range to give quite good plants. 

But one point which we st i l l  th ink, an important one, is to provide perharps not optimal but at least reasonably good 

conditions for the maximum of plants ; this is quite important in phytotron and therefore we hove decided to keep 

them on because they do". 

M. BJORKMAN est du meme av is ,  qu ' i l  t rouve tres raisonnable,  car  " the h igher is  the f luorescent 

intens i t ies  the more important you wi l l  f ind that intens i ty  is  known to be".  A ce sujet, i t  rappe l le  qu 'ou Smithonian 

Inst i tut,  qui ut i l ise des "output f luorescent tubes" places cafe 6 elate, les Chrysanthemes "don't grow normal any mo-

re, they were very suppressed in length growth and branch al l  over" mais s i  on ajoute en Watt 25 % d' incandescence 
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they were normal again". Mais, conclut-i l , "I don't think that in low intensity f luorescent l ight you would need 

incandescent  l ight in  addi t ion" .  

4-  Lampes a vapeur de  mercure :  

M.  LEOPOLD ind ique qu 'a  Harvard,  on ut i l i se  des  lampes a vapeur  de  mercure  a paroi s  f luorescentes 

et ref lecteur incorpore ; l 'emiss ion d'U.V. est fortement reduite par passage sur la couche f luorescente et convers ion 

en orange.  Dans son laborato i re i t  a insta l le  un melange de bal lon f luorescent a vapeur de mercure avec des lompes 6 

incandescence. 

M. VAN de VEEN se sert regul ierement de lampes 6 vapeur de mercure lorsqu' i l  a besoin de fortes 

intensites. L 'ennui, c 'est la quanti te d'U.V. dons ( 'emiss ion (2557 A) mais les resultats obtenus sont mss sat isfoisants. 

Ces lompes peuvent tres bien servir de lumiere d'appoint en hiver darts les serves. 

M.  MOHR trouve que dune lampe a vapeur de  mercure  6  l 'au t re ,  i t  y  a  de grandes  var ia t ions  en ce  

qu i  concerne les  rad iat ions  U.V . 

M.DOORENBOS,  tout  en  reconnaissant  P in ter& des  lampes  6  vapeur  de mercure ,  prefere  u t i l i ser  

des tubes f luorescents car leurs dimensions donnent une meil leure reparti t ion spotiale qu'une source pontuel le. 

M.  GAASTRA remarque que la  propor t ion  de  rad iat ions  U .V .  e t  v io le t  dons  ( 'emiss ion  es t p lus  gran-

de dans les lompes a vapeur de mercure haute pression que dons les tubes fluorescents. La transformation de l'energie 

electrique en lumiere est plus efficiente dans les tubes f luorescents aussi "if you want maximum energy put fluorescent 

tubes in  a l l  the wal l  sur faces" . 

M .  DIMOCK rappe l le  ( ' ac t ion  des  U .V .  de  longueur  d 'onde  var i ab le  e t  leu r  noc iv i te  pour  le s  p l antes 

et M. VAN de VEEN s ignale que "If you put the plant coming from outs ide,  at f i rst ,  the plant is  very damaged :  leaves 

ye l lowing and fa l l  of ,  but the new leaves formed are very res is tant and so you have bui l t  up a new type of  p lant,  who 

looks rather normal . l  th ink i t 's  the same di f ference when you grow plant in  a mountain or at  sea leve l .  They look 

different but both are normal". II semble donc qu'on puisse uti l iser des lampes a vapeur de mercure sans danger. 

5- Lampes a Xenon : 

M. MOHR uti l ise des lampes 6 Xenon uniquement come source ponctuel le dans le but d'obtenir des 

lumieres monochromatiques. Leur avantage est d'avoir  une longue duree de vie : environ 2.000 hew-es sans change-

ment apprec iab le n i  dans le  spectre n i  du point de vue intens i te .  Les lampes de 6 k i lowatts  pourra ient etre ut i l i sees 

pour les  chambres 6 cu l ture mais  e l les  sont a ref ro idissement 6 eau, donc d ' insta l lat ion de l icate.  D 'autres modeles 

soot en tours de mise au point. Bien que ie pr ix en salt  eleve, it n'est pas de I 'avis de M. de LINT est imant que 

"they are cheaper than tungsten fi lament lamps in the long run as point sources. You need a lot of money for the first 

investissement but for a long run i t pays back". De. plus, les prix de ces lampes diminuent. 

M. KRAMER s ignale que le  Dr STONE 6 Forestry School Berke ley (Cal i f .  USA) ut i l i se des lompes 

Xenon et en est tres content. 

M.  GAASTRA rappe l le  que M.  MITCHELL ut i l i se  ega lement  des  lampes  a Xenon mais  que dons  ce 

cos le probleme majeur est You need on ly a few lamps for the big rooms and the spatial  d istr ibution of the l ights is a 

real problem". 

M.BOTTLAE NDER se sert egalement depuis 5 ans de lampes a Xenon avec reglage automatique de 

l ' intensite mais estime qu'el les sont tres cheres et qu' i l  faut les nettoyer iournel lement. Dans son loboratoire une ins-

tal lat ion automotique fai t descendre les lampes le matin awes al lumage et le soir  les fai t remonter avant ext inct ion. 
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M.M .  L INCK,  LEOPOLD e t  BOTTLAENDER  par l en t  d 'u t i l i s a t i on  de  l ompes  a  Xenon  avec  bar r i e re  

d 'eau pour en lever l 'exces de chaleur.  A ce sujet ,  M. BOTTLAENDER precise qu ' i l  d ispose dune chambre pour une 

plante avec refroid issement par f i lm plast ique, neige carbonique et alcool ,  donnant une tres basse temperature en 

surface :  The rad iat ion cool ing goes to the p lan:which is  on a h igh l ight rad iat ion and the CO2  which evaporates at  

low temperature, fal ls  down and goes between the surface and this sk in of plast ic and therefore there is no humidity 

and the CO2  r ises to the lamp and cools  i t  and only l ight rad iat ion comes to the p lant wi th great intens i ty  l ike in 

sunshine and the leaf temperature is not higher than in nature". 

III- f ) REFLECTEURS ET PEINTURE DES MURS 

M.  LEOPOLD propose de  d iscuter  "what  is  the  ideal  type  of  mater ia l  to use  for  a  ref lec tor ,  e i ther  

on the  wa l l  or  behind the  lamp ?".  

M. MORRIS rernarque que, tres Frequemment, on observe un grand gradient lumineux dans les sal-

les .  Pour In d iminuer ,et  en meme temps amel iorer  la ref lex ion et reduire la deformat ion du spectre,  par  ref lex ion, 

i t  est ut i le de peindre les murs avec de la peinture blanche. A defaut, un f i lm d'aluminium pur ou bien de ( 'a lumi-

nium recouvert d'une mince couche de plast ique, par exemple, toi le au mur peut faci lement donner le meme resultat.  

Dans ce cas,  le  gradient d ' intensi te , ou le  niveau d ' intensi te lumineuse, sera donne par soulevement ou obais-  

sement des plantes par rapport aux lampes. Dans un espoce restreint principolement, donc un cabinet p. ex., it fout 

rechercher  que the  re f lec t ions  of  the  l ight  sources  in  the  wal ls  tend to  g ive  the  e f fec t  o f  an  in f in i te  overcas t  sky.  

The  l i gh t  source  i s  re f lec ted  to  i n f in i ty  in  a l l  d i rec t i ons  and  i t  g ives  an in f in i te  hor i zon ta l  l i gh t  source  in  e f fec t  

which g ive perfect un i formity of  i l luminat ion in  the space.  This  un i formity is  not on ly uni formity aver the f loor  area 

and with bight i t  is  also uniformity wi th direct ion and th is is  only get pract ical ly by pure c luminium in vacuum depo-

sited form on the wal l  or in th in f i lm Form". 

M .  BOTTLAENDER,  qu i  es t  en t ie rement  d 'accord  avec M.  MORRIS ,  ind ique  que  l e  me i l l eu r  re f lec -  

teur est ( 'a lumin ium a condi t ion qu ' i l  so i l  b ien pol l ,  outrement sa capaci te  de ref lex ion est  var iable  avec le  spectre. 

M.  LEOPOLD s igna le  " th is  i s  eas i ly  ava i lab le  commerc ia l l y ,  a  Mylar  sheet  w i th  a lumin ium f i l ament 

sheet  incorporated in to i t " .  Cependant ,  s i  le  pouvoi r  de re f lex ion de  ces f i lms es t t res  bon,  i t  es t  "much more  ef -

f icient in ref lecting the red and the infra-red wavelengths than it would the shorter wave...1engts". 

Sur la duree  de main t ien  de  ces  f i lms  d 'a lumin ium, M.M.  LANG et MORRIS prec isent que tout  depend 

de ('usage. II se remplace aisernent par collage et a Pasadena ce film 5'est maintenu pendant 4 a 5 ans sans deter iorat ion.  

M. BOTTLAENDER, comparant ( 'a lumin ium et la pe inture b lanche des murs du point  de vue re-

Flex ion dir : "In the spectrum the aluminium plates are not very good ref lected in the v is ible l ights, perhaps about 

55 %; but in the invis ib le, aluminium is a very good ref lect ive mater ial" .  Dona ( 'aluminium absorbe une certaine 

partie de l 'energie lumineuse &rise par les lampes et so temperature de surface augmente. 

Une  d i s cuss i on  te chn ique  en t re  M .M.  MORRIS ,  BOTTLAENDER e t  CHOUARD f a i t  appa ra i t r e  qu ' i l  y  

a,  b ien entendu, p lus ieurs  categor ies  de f i lms d 'a luminium et que l 'oxydat ion est  assez rapide.  Auss i  M. MORRIS 

ins is te-t- i l  en precisant que "with vacuum deposi ted a luminium you do not get the ox ide,  you do Rot  get deter iorat ion 

and the ref lect ive coef f ic ients  is  on the order of  90 % or more".  C 'est ,  en effet ,  seu lement ( 'a lumin ium qui reste le 

bon reflecteur abseil" pendant un temps tres long. 

M. MORRIS complete les informations sur ( 'uti l isation de ( 'aluminium principalement en tont que 

materiau ref lechissont sur les murs. II y a, dans ce cas, "an image of the l ight source over al l  directions and the effect 

is a continuous overcast sky, al l  the I ight is ref lected downwards". Mais s i  on a de la peinture blanche sur les 
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murs "which looks very br ight to the eye but is  not br ight to the p lants ,  because hal f  of  the l ight goes upward and the  

p lants  never  see  the  l ight .  So,  the  e f fec t  o f  th is  autoref lec tor  i s  to  have  a large  grad ient o f  l ight  in  the  cab inet ,  you 

get top of  the cabinet a high l ight intensity with white paint and a very rapid fal l -off  with height. But with alumin ium 

you get a low l ight intens i ty  at the top where you are not interested in intens i ty ,  but a much smal ler  fa l l -of f ,  and this 

is approaching the ideal which would be a horizanrol  l ine if it  were possible to get perfect mirrors. With the a luminium 

fo i l  we use,  th is  gradien i  f rom100 % to 80 % and we th ink is  about the best you can ach ieve wi th spectacle mirrors. 

Glass mirrors ore s l ightly better than the aluminium f i lm, but much more expensive and not pract ical".  

M .  DOORENBOS pre fe re  avo i r ,  au  con t ra i re ,  dons  les  tu l l es  un grad ien t  lumineux lu i  pe rmet tan t  

de disposer de 2500 fc en hauteur et environ 1200 fc au sal  grace a des "adjustable trol leys" sur lesquels se trouvent 

les plantes. TI ne desire pas une ref lexion optimale des mars peints en b lanc mais " to have the l ight intensity as high 

as possible and we have a compromise". 

M.  VAN de VEEN at t i re  ( 'a t tent ion  de  ceux qu i  e tud ient rac t iv i te  spect ra le  que "many of  wh i te  

points are refieating a titt le bit of far red if are radiated with blue and we have some diff iculty to get real ly non 

f luorescent  whi te  pa in t ' .  

B ien  en tendu,  comme le  fon t  remarquer  M.M.  NITSCH,  LEOPOLD e t  MORRIS ,  i t  n 'es t  pas  poss ib le  

"to get a perfect specular ref lector and i f  you use aluminium foi l  i t  is  s l ight ly di f fus ing but i t  does not giv ing you 

the bad l ight d is tr ibut ion of  white paint" .  

Ill- VERRE ET PLASTIOUES TRANSPARENTS - FACILITE DE NETTOYAGE 

M. LEOPOLD,  par lant  de l ' ins ta l la t ion des  lompes  qui ,  genera lament ,  "are  p laced in  a separate  

ducts" avec, du cote des plantes, un verre ou autre mater ial)  transparent, se demande quel mater iau faut- i l  ut i l iser  

dans ce cas ? De rnerne, Mie REPP pense a la permeabil i te spectrale des divers plastiques uti l isables en comparaison 

avec le verre ordinaire ou aux diverses quali tes de glaces pour les sen-es. 

M. KLUETER s ignale que le  f iberg lass t  "  cuts  out just a l i t t le  b i t  more that the Mylar type barr ier" . 

M.  DIMOCK recant -oat  que le  f iberg lass  i s  t rans lucent  but  not  c lear  but  i t  i s  much more  p leasant  to 

work  under" .  Mats  actue l lement  "we are  spec i fy ing for  a l l  our  chambers  now c lear U .V . t ransmi t te r  p lex ig lass  and 

we are us ing a t ickness of quarter inch and we f ind that we have very l i t t le di f ference in l ight transmiss ion when we 

go f rom a 16th up to a quarter  inch t ickness of  the p iex iglass".  Sur une quest ion de M. LEOPOLD, M. DIMOCK 

precise que pour le nettoyage c'est '`the same as with glass but i t  is  a l i t t le bi t more electrostat ic  due to the passage 

of air  over the plexiglass. But the air is f i l tered before going over the lamp and over the barrier which can be easi ly 

removed from ins ide the chamber, pul led down and cleaned and put back up in a few minutes. We clean them oFf  

about once a month".  Dans p lus ieurs cabinets ,  i i  d ispose d 'un p lafond lumineux qu i  se re leve,  permettant un nettoyage 

Pour M. NITSCH, on pourra i t  peut-t i tre  suppr imer tout nettoyage du verre ou plost ique en le  subs-

t i tuont par un "air curtain" comme VOU loft le faire le Dr SENN : "a sheet of rapidly moving air  to separate the lamps 

f r om the  r e s t  o f  t he  cab i ne t " .  Ma t s ,  c omme  l e  f on t  r e rna rque r  M .M .  L EOPOLD ,  CHOUARD,  D1MOCK  e t  KLUETER ,  

ce dispositi f  pent etre uti l ise a ('entree des supermarkets ou pour separer les denrees surgelees, mais le principe ea 

toutefo is  d i f ferent car  " the cold a i r  has a tendency to fa l l  50 i t  s tays in  and you have got the hot a i r  s tay ing up" 

(KLUETER). l I  serait egalement dans ce cos dif f ic i le,  voice impassible, de contrOler l 'humidite de l 'a i r  dans les 

sal les. 

0 
  0  
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I V -  HUMID ITE  DE  L ' A IR  ET  DU  SUBSTRAT  

B i e n  que  M .  N ITSCH  e s t ime  qu ' i l  y  a i t  " v e r y  f ew  r e a c t i on  o r  v e r y  f ew  p r oo f s  t o  t h e  i n f l u en c e  o f  

v a r i o u s  a i r  h um i d i t y  i n  c u l t i v a t i n g  t h e  p l an t s " .  M .  S LAV IK  ne  pen s e  pa s  que  l ' o n  pu i s s e  n eg l i g e r  ce  f a c t e u r  d an s  

tout les  cat.  La-dessus,  Mle REPP remarque que la secheresse du sol  et  la secheresse de fa i r  sont deux problemes c l i f -

f e ren ts  comme d ' a i l l ev r s  r a  mon t re  l e  D r  TRANQUIL INI  a  l a  su i te  de  ses  t r avaux  au  Phy to t ron  de  Pa tsche rko f fe l  s u r  

Pinus Cembra :  The CO 2  ass imi la t ion  wi th  a few except ions  decreases  s t i l l  more  wi th  the  dryer  the  a i r .  Th is  decrease  

o f  the  ass imi l a t i on  i s  a l so  seen  in  cases  o f  p l an ts  wh i ch  a re  supp l ied  ve ry  good wi th  wate r  f rom the  so i l .  In  case  of  

s p ru ce  i t  c ause s  nea r l y  abs o l u te  s top  o f  t he  CO 2  u p t ake  wh i ch  means  the  s top  o f  a s s im i l a t i on ,  f o r  you  can  even  se e  

that  in  no t  so ex t reme cond i t i ons  you  a l so have th i s  very  prominen t  in f luence  o f  the  humid i ty  o f  the  a i r  and  that  you 

mus t  neve r  neg le c t  the  humid i ty  o f  the  a i r  i n  the  Phy to t ron " .  

M.M. KRAMER,  SLAVIK ,  BOGUSLAWSKY e t  M ie  REPP poten t  a lor s  l a  ques t i on  :  Comment  mesurer  

l 'humid i te  dans  les  sa l le s  c l imat i sees  :  en  va leur  d 'humid i te  re l a t i ve  ou b ien  en va leu r  d 'humid i te  obso lue  ou b ien  en -

core  en va leu r  de  p ress ion  de  vapeur ,  va leu rs  p lus  ou  ma ins  var i ab les  se lon  l a  tempera ture  I I  semb le  b i en  que  ( 'ex -  

p re s s i on  l a  p l u s  e xac te  s o i t  l a  p re s s i on  de  v apeu r ,  ma i s  s eu l emen t  c omme  l e  f a i t  r e rn a rque r  M .  SLAV IK  :  i t  i s  t he  

best case only when we are expressing the humidity of air  in vapor pressure as i t  is  the best th ings we must take into 

cons ide ra t i on  the  tempera tu re  o f  the  p lan t  and  not  the  tempera tu re  o f  the  amb ien t  a i r " .  

Pou r  M .  ORSHAN ,  l ' hum id i te  es t  un  f ac teu r  t r e s  impo r tan t  dans  l e  cas  as  l ' on  a  en  vue  une  cons -

t r u c t i on  nouve l l e  c a r  l a  ma i t r i s e  de  l ' hum id i t e  e s t  e x ce s s i v emen t  one reuse ,  e t ,  s u r tou t ,  de  r ea l i s a t i on  t r e s  de l i c a te .  

I I  es t  reg re t tab le  que  l e s  i ngen ieu rs  qu i  t r ava i  den t  au  cond i t i onnement  de  l ' a i r  so i en t  peu  f am i l i e r s  avec  l e s  ex i -

gences necessaires pour les chambres de cultures ; condit ions fort d i f ferentes des prat iques ordinaires des industr ies 

f r i go r i f i ques  ou  c ond i t i onnemen t  d ' a i r  de  l o c aux  d ' h ab i t a t i on .  

M .  D IMOCK  su r enche r i t  e n  e s t iman t  que  " one  o f  t h e  r e a s on s  why  we  have  no t  done  mo r e  a t t e n t i on  

to  the  deve lopment  o f  humid i ty  con t ro l  procedures  i s  tha t  i t  i s  expens ive .  I t  i s  very  d i f f i cu l t  to  ach ieve  s imu l taneous  

con tro l  o f  tempera tu re ,  humid i ty ,  l i gh t ,  a i r  exchange  and o the r  so r t  o f  th ing  and fo r  tha t  reason ,  perhaps ,  we have  

tended to shrug i t  of f  or  put  our heads in the sand. But I  th ink i t  i s  For more important than the bas ic physio logy of  the 

p l an t  than  has  been  rea l i zed" .  

E t an t  donne  l e  c o t  e l e v e  de  c e t t e  r e a l i s a t i on ,  M .  C HOUARD  pens e  qu ' i l  e s t  i n u t i l e  d ' a v o i r  d an s  

t ou t  l e s  ph y t o t r o n s  un  r e g l age  po s s i b l e  d e  l ' h um id i t e ,  i t  s u f f i t  que  dan s  que l que s  uns ,  c omme  p .  e x .  5  G i f ,  c e c i  

so i t  poss ib le  avec beaucoup de  prec i s ion ,  mais  a lors  dons  ce  cos ,  vu  l ' in te re t  de  ce  prob leme,  se  pose  la  ques t ion  :  

"wha t  k ind  o f  a ccu racy  i s  ne cessa r y  f o r  the  d i f f e ren t  p rob lems  dea l i ng  w i th  re l a t i ons  o f  wa te r  w i th  o the r  impor tan t  

phenomena,  f o r  i n s tance  w i th  pho tosyn thes i s  ? " .  Cec i  e s t  une  ques t i on  qu i  e s t  po r t i c u l i e r en - t en t  impo r t an t e  d ' a i l l eu r s ,  

non seu lement  pour  les  phytot rons ,  mais  ego lement  pour  les  chambres e t  cab inets  de  pet i tes  d imens ions .  Dans  un phy-

to t ron ,  i t  semb le  que  l ' on  ne  pu i s s e  descendre  en -dessous  dune  p re c i s ion  de  2  a  3  %sans  acc ro i t re  f o r temen t  l e  t ou t  

d e  r i n s t a l l o t i o n .  

M .  KOLLER es t ime  que  pour  l a  photosyn these  une  p rec i s i on  c renv i ron  10  % es t  su f f i san te ,  ca r  e l l e  

n ' appo r te  pas  de  g rand  e ca r t ,  ma i s  ce l a  depend  b i e n  en tendu  de  l a  t r an sp i r a t i on  qu i  f ou rn i t  env i r o n  1  %  de  l a  t eneu r  

e n  e a u  d e  f a i r .  

M .  MOHR n 'es t  pas  d 'accord avec  l a  ques t i on  posee  sous  ce t  ang le  ca r ,  pour  lu i ,  tou t  depend du  

p rob leme e tud ie ,  l e s  so l u t i ons  pouvan t  va r i e r  a  l ' i n f i n i  e t  s on t  des  cos  d 'e speces .  
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M.  EVANS pense  e t  suggere  que  dans  une  grande  ins ta l l a t i on ,  te l l e  que  Canber ra ,  i t  f au t  "spend 

more money on humidi ty contro l  only on a smal l  proport ion of  the tota l  fac i l i t ies , which is  about 1/8 to 1/10 of  the 

to ta l  s pace " . . .  and  in  tha t  10  %of  space  we  con t ro l  ve ry  accu ra te l y  app rox imo t i ve ry  2 -2 ,5  % o f  the  p l an ts  ove r  a 

very wide range". Ce contrOle fres rigoureux de l 'hurnidite est surtout onereux aux basses humidites et a des temperatures 

elevees. Cette facon de proceder permet d'augmenter fortement les depenses pour la machinerie d'un espace restre int 

sans pour celo trop effecter l 'ensemble du pr ix de l ' instal lat ion.  

M. GAASTRA remarque que "a i r  humid i ty  as such is no factor  in any process,  th is  i s  ' lust  af fect ing 

the energy equi l ibr ium of the water status of the leaves as determined by the uptake process and transport of water" 

et it estime que l 'on peut toujours, sauf quelques cos particuliers, tourner la difficulte en changeant les conditions 

d'exper ience sans pour celo nuire ni  au resultat obtenu ni  aux condit ions recherchees. 

M.  BOGUSLAWSKY met  ( 'accent  sur la  prec is ion dans  la  mesure  de : "with the hygro- 

meter in the air you cannot have more than + 5 % humidity" avec d'autres methodes peut-etre peut-on descendre a 

une me i l l eu re  prec i s i on  2 ,5  % c i te  par  M.M.  EVANS et  SALISBURY ou meme devan tage .  

M. FRANZEL signale une methode a "refractive gloss containing a measuring element a osmium self 

psychrometer" mais qie personne ne connait.  

M i . °REPP indique que, selon son experience, une precis ion de 5 %de l 'humidite re lat ive serait suf-

fisante dans les climats moderes aussi bien que dans les climats extremes. Un systeme de contrale est signale dans la 

descr ip t ion du "Phytocyc lon" par  M.  WOLFF grace a on detecteur  du po in t  de  rosee.  De p lus ,  i t  lu i  parai t  inut i le ,  

dans un phytotron, d'avoir  routes les sal les avec contrele de l 'humidite et i t  suff i t  d 'avoir ,  comme a Passziena, une 

sett le ou deux sal les avec cette possibi l i te.  

Pour M. KLUETER, le  contro le de I  'humidi te avec prec is ion est poss ible mais  l imi te  par deux fac-

teurs :  le  pr ix  de ( ' insta l lat ion et la d imens ion des sa l les .  En ut i l isant du ch lorure de l i th ium,dont la res is tance change 

avec  l 'humidi te ,  on obt ient  un contrO le  valab le  e t  prec i s .  

Mais  M.  MOHR rappe l ie  que le  ch lorure  de l i th ium, pour  e t re  prec is ,  ne  do l t  e t re  u t i l i se  que dans  

des gimmes restre intes et var iables avec la concentrat ion. 

M .M .  EVANS ,  D IMOCK e t  ORSHAN ,  d i s cu tan t  su r  l e s  de te c teu rs  d 'hu rn id i te  au  po lys ty rene ,  i n -

d iquent  que  se lon  cer ta ins  expe r imen ta teur s ,  ( 'u t i l i s a t ion  se ra i t  p lus  de l i ca te  que ce l le  du  ch lo rure  de  l i th ium.  I I  

n 'en  sera i t  pas  a ins i  d 'apres  M.  DIMOCK car  dans  In zone  de  "55  to  80°F and humid i ty  leve ls  f rom 35 to  about  85%, 

we have been able to achieve control  of whithin plus or minus 2 %" et cel  a indif feremment avec l 'un ou l 'outre de-

tecteur. 

Mie REPP et M. WOLFF signalent une diff iculte de regulation de l 'humidite selon les temperatures. 

D i f f i cu l t& tres apparentes lorsque l ion examine le diagramme de Pai r  humide. 

M. BRETSCHNEDER aurai t  constate une var iat ion de sensib i l i te  du chlorure de l i th ium selon la v i -

tesse de ('air comparee aux renseigrvements donnes par un psyclIrometre, cette difference pouvont atteindre 10 % HR 

pour une v i tesse de ( 'a i r  de 0,1 3 0,2  m/sec.  Cette erreur est  superieure a ce l le  observable sur un hygrometre ord inai 

re. 

M. CHOUARD demande a M. KRAMER de donner son opin ion 23 la sui te de sec observat ions 2) 

Duke Universi ty, sur l ' interet, ( ' importance et la real isat ion dans ern Phytotron nouveau du contraie de l 'humidit -e. 

M.  KRAMER es t ime  que  "we  wi l l  a t tempt  to  make  ou r  re l a t i ve  humid i ty  w i th in  the  range  tha t  i s  

feas ib le  a t  the  tempera tu re  at  wh ich  we  are  work ing ;  we  wi l l  no t  expec t  to  make i ndependent  i n f ra  f a c to r  a r t i f i c i a l l y  

wi th many other  factors" .  II  pense egalement que les fa ib les humidi tes  sent assez except ionnel lement ut i l isees et ,  en 

definit ive, i t  faut chercher un compromis "between the greatest possible range and the practical i ty of cost". Une 

insta l lat ion modeste real isant une humid i te  re lat ive var iable entre 55 et 85 % coute envi ron 500 dol lars .  Pour les 
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s e r r e s ,  i t  f a ud r a i t  s imp l eme n t  empec he r  I n  - c h u t e  d e  l ' h um id i t e  au - d e l a  d une  c e r t o i n e  v o l eu r .  

M .  B A N ER J E E  p e n se  q u e ,  p o u r  l e s  p l a n t e s  t r o p i c a l e s ,  l a  q u e s t i o n  d ' h u m i d i t e  e s t  p l u s  i r n po r t a n t e  que  

Ion  ne  p ense  e t ,  d ans  In  cos  d e  cons t ruc t i on  d ' un  phy to t r on  pou r  c es  p l an t es ,  t h e  ques t i on  o f  i n co rpo r a t i ng  t he  

ex t r eme ranges  o f  humid i t y  i s  no t  ju s t  one  o r  two  so r t s  o f  comprom ises "  e t ,  da r t s  ce  cas ,  i t  e s t  necessa i r e  " t o  i nco r -

p o r a t i n g  a l l  t h e  e x t r e m e  r a n g e s  o f  h u m i d i t y " .  C e c i ,  s e l o n  M .  K R A M E R ,  r e j o i n d r a i t  b i e n  I ' i d e e  q u e  " y o u  d e s i g n  

you r  equ ipmen t  f o r  you r  need s " .  

B i en  en t endu ,  comme l e  f o i l  t r e s  j u s t emen t  r emarque r  M l e  REPP ,  l e s  l im i t e s  de s  p r ec i s i o ns  s u r t ou t  

e t  l e s  b e s o i n s  d e  c o n t r a l e  e x a c t  d e  l ' h u m i d i t e  d e p e n de n t  d e s  b u t s  p o u r s u i v i s  m a i s ,  a  l a  m i s e  e n  p l a c e  d ' u n  p h y t o t r o n ,  

i t  f o u t  e s say e r  de  pense r  a  t o us  l e s  p rob l emes  o f i n  d e  r end re  ( ' i n s t a l l a t i o n  aus s i  po l y va l en t e  que  pos s i b l e , e t  pe rme t t on t  

lo  reso lut ions  des  recherches dans tous  les domcr ines.  

N . B .  E t a n t  d o n n e  l e s  d i f f i c u l t e s  d e  r e g l a g e  d e  l ' h u m i d i t e  d e  P a i r ,  o n  a  a d o p t e  a  G i f - s u r - Y v e t t e  l a  t e m p e r a t u r e  h u -
m ide  de  P a i r  qu i  e s t  de t e rm inee  pa r  une  sonde  p sy ch romet r i que  s e  t r ouvan t  dans  l e  t unne l  v en t i  l e  de  l a  s a l l e .  C e t t e  

f a l c o n  d ' o p e r e r  d on n e  u n e  p r e c i s i o n  d e  f o n c t i o n n e m e n t  d e  +  0 , 3  a  f  0 , 4 ° C .  e n  t e m p e r a t u r e  h u m i d e ,  p e u  im p o r t e  a  

que l  emp l a c emen t  du  d i a g r omme  de  l a i r  hum ide  on  s e  t r ouve .  Ce c i  e qu i v au t  a  un  max imum de  5  % en  hum id i t e  r e -
l a t i v e ,  p ou r  P a i r  b  s o n  e n t r é e  dan s  l a  s a l l e .  

0 
0 0 

V -  T E N E U R  E N  G A Z  C A R B O N I Q U E  D E  L ' A f R  

M . M .  D OO R E N B O S  e t  C H O U A R D  d on n e n t  r a p i d em e n t  u n  o p e r c u  d e  no s  c o n n a i s s a n c e s  e n  ce  q u i  

c o n c e r n e  ( ' a c t i o n  d u  C O 2  q u i ,  s u r  c e r t a i n e s  p l a n t e s ,  e s t  n e t t e ,  p .  e x .  :  L a i t u e s ,  T om o t e s ,  O e i l l e t s ,  m i m e  e n  h i v e r  

l o r s que  l a  l um i e r e  pou r r a i t  e t r e  un  f a c t e u r  l im i t a n t  d e  l a  pho t o s yn t he s e ,  ma i s  qu i ,  p ou r  un  g r and  nomb re  d ' e s pe ce s ,  

n e  s emb l e  p a s  ag i r .  Au  p r i n t emps  o u  en  e t e ,  l e s  ob s e r v a t i o n s  s u r  l e  r o l e  du  CO 2  s on t  b ea ucoup  p l u s  d i f f i c i l e s  a  f a i r e  

ca r  o n  ne  peu t  f e rmer  l e s  s e r r e s  pa r  su i t e  d e  l a  t empe ra tu re .  C ' e s t  une  ques t i on  que  Ion  peu t  e t ud i e r  dans  un  Phy -

t o t r on ,  ma i s  ( ' i n s t a l l a t i o n  du  c on t r a l e  e t  d e  l a  r eg u l a t i o n  du  CO 2  e s t  o s s e z  one r eu se  e t ,  s emb l e - t - i l ,  l o  qu e s t i o n  d e -

v ra i t  e t r e  en t i e r emen t  r ep r i s e  e t  e t ud i ee  a  nouveau .  

A u s s i ,  M .  C H O U A R D  p o s e - t - i l  l a  q u e s t i o n  d u  C O 2  :  "  I s  i t  a n  i m p o r t a n t  q u e s t i o n  f o r  P h y t o t r o n  2 "  

Es t - i l  necessa i re  de  l e  cont ra le r  par tou t  ou  seu l ement  dans  que lques  p i eces  ou  pe t i t s  cab i ne t s  ?  On es r ime qu 'un  r e -

c y c l o g e  d e  ( ' a i r  a v e c  a d m i s s i o n  d e  5  a  1 0  % d ' a i r  e x t e r i e u r  s u f f i t  p o u r  l e s  p l a n t e s  ;  e s t - c e  c e r t a i n  ?  A  G i f ,  o n  a  

c on s t a t e  q ue  l a  t e neu r  e n  CO 2  d e  ( ' a i r  v a r i e  s e n s i b l em en t  t o u t  au l o ng  de  l a  j o u r ne e  c om me  de  P anne e .  Co mo re ,  

d ' a u t r e  p a r t ,  l e t  w i l e s  on t  u n  6 c i a i r a g e  i n t en s e ,  " nou s  a v an t  p e a s e  se ra i t  i n t e ressan t  de  ma in te n i r  l a  t eneu r  en  

CO 2  d e  [ ' a i r  a  ( ' e n t r e e ,  a  un  n i v eou  e l e v e  c o n s t an t ,  p a r  e x emp l e  4  m i l l i e mes  de  CO 2  p a r  e n r i c h i s s eme n t  a r t i f i c i e l " .  

C e t t e  i d e e  e s t - e l l e  a  r e t e n i r  2  

M . M .  M O H R ,  V A N  d e  V E L N  S A L I S B U R Y ,  L I N C K  e t  B J O R K M A N ,  f o n t  p a r t  d e  l e u r s  o b s e r v a t i o n s  

s u r  f a c t i o n  d u  C O 2  d o n t  o n  p e u t  d o n n e r  l e  r é s u m é  a v e c  M .  V A N  d e  V E E N :  "  T h e  d i f f e r e n t  q u a n t i t i e s  ( o f  C O 2 )  r e a c -

t e d  i n  s u c h  a  d i f f e r e n t  w a y ,  t h a t  we r e  q u i t e  a  f e w  ( s p e c i e s )  t h a t  r e a c t e d  f a v o r a b l y ,  a n d  t h e r e  w e r e  o t h e r s  t h a t  d i d  

n o t  r e a c t  a nd  t h e r e  we r e  e v en  on e s  t h a t  r e a c t ed  b y  g r ow i ng  wo r s e  and  t u r n i ng  y e l l ow .  So  a s  y ou  s ee  t h e  a c t i o n  o f  

C O  d e p e n d s  o n  t h e  s p e c i e s " .  

2 

M le  REPP  d e r nande  :  " i t  i s  n e ce s s a r y  i n  an  Phy t o t r on  t o  c on t r o l  t h e  CO 2  ?  A r e  we  i n  d ange r  t o  g e t  

a  de f i c i en cy  i n  CO 2  s o  t ha t  becomes  a  m in imum o f  sma l l e r  o r  b i gg e r  chamber s  2 "  e t  dons  ce  co s  se  pos en t  l e s  ques -

t i o n s  :  "Wha t  i s  n e ce s s a r y  t o  c on t r o l  ?  Do  I  wan t  t o  k now  how  much  CO 2  i s  i n  a l r e ad y  o r  d o  I  wan t  t o  k eep  i t  o n  

a  c e r t a i n  l e v e l  ? "  
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de contreler la teneur en sucre qui est stocke dans la plante aux diverses époques de l 'annee. Le rapport annvel de 

l 'Insti tut presente cette etude en entier. 

M. KRANKEL estime qu'un grand nombre d'autres questions protiques pourraient 'etre resolues et 

pr inc ipa lement les quest ions de nutr i t ion minera le  des p lantes et appl icat ion des engra is ,  car i t  y  a,  dans ca cos,  

un Fres grand nombre d'interactions diverses que le phytotron permettrait de denouer. 

M. GALUNremctrque que tout les phytotron soot re lativernent jeunes et seul celui de Pasadena au 

Cal tech a p lus de d ix  arc.  peut-t i t re  toys les  chercheurs qu i  y  ont passe Wont pas resolu beaucoup de quest ions 

mai l  i )  foot pour celo °Rendre encore et peut-t i tre merne augmenter leer nombre pour voir d 'autres ut i l isat ion. 

0 

0 0 

VII- COOPERATION INTERNATIONALE - AIDE DE L'UNESCO 

M.  CHOUARD,  abo rdan t  l e  p rob leme  de  coope ra t i on ,  cons ta te  qu 'en t re  un  pays  deve l oppe  e t  un  

pays  en vole  de  deve loppement ,  i t  n 'y  a  qu 'une d i f ference  de  temps,  de per iode au d 'epoque.  Un phytot ron f res  

onereux nest peut-t i t re  pas necessaire d i rectement 5 ces pays,  mass p lutat  des un i tes  ou part ies  de phytotrons ou 

serres ameliorees d'abord. Les quelques grands phytotrons existent claivent servir d resoudre les problemes fondamen- . 

taux importants et generaux. Du point de vue cooperation, i i  y a trois problemes : 

I -  Re la t ion per r ronente,  echanges  d ' in format ions ,  rencontres ,  co l loques,  e tc . . .  

2 -  Examen  de s  p r opo s i t i o n s  de  ( ' UNESCO .  

3- Que faut-il faire ensemble ? Peut-Ctre le probleme du Programme Biologique International (1.B.P.) serait-il 

soulever ? 

M.M. GAASTRA, FRANKEL et JARVIS evoquent la possib i l i te de reuni r en une publ icat ion qu'on 

pourre i t  appe ler  "Phytotranic newslet ter"  (Franke l ) ,  f inancee par  ( 'UNESCO, toys  les  d ivers  mode les  de  t ravaux  

trai tes par ou dans les phytotrons et les descr ipt ions &instal lat ions phytatroniques qui , actuel lement, soot rejx trt ies 

dans des "botanica l  or techni cal papers) (Gaastra) et que "some of the technical problems may have been solved, but 

are they the right ones for physiological study" (Jarvis). Un regroupement de tout en une seine publication presente-

re i t  beaucoup  & in te rn .  

M. LANG ne pense pas que les cours de phytotronistes soient d'actual ite, &ant donne que lo phyto-

tranique ne peut encore etre consideree comrne une science, aussi  i t faudrait un temps tres variable pour mettre au 

point l ' instruct ion a donner :  court  ou breve vis i te  ? La s i tuat ion est i c i  completernent d i f ferente de Ce l le  exis tent 

pour  "So i l  Sc ience"  (evoquee  par  M.  FRANZLE e t  M.  WALTER) car  i t  y  a  de la  une Sc ience  de  l a  Ter re.  De  p lus,  

i t  n'y a pas asses de phytotrons. A Pasadena, par exernple, M. LANG ne petit recevoir dix personnes err stage car i t 

serait oblige, dans ce cat, de reduire le nombre de chercheurs. 

M. fRANKEL est egalement du meme avis, de mime que M. WASSINK, qui est ime que les Coors 

d'entratnement sort un peu prermstures, surtout a grande echelle car, en dehors de quelques speciolistes, on ne trou-

vera pas suffisamment de professeurs. 

Mais, pour M. KOLLER, i t  foudroi t fai re des cours pour avoir " a better understanding of the environ-

ment especial ly in growth cabinets and also for to interpret the results of their experiments". Pour cele, i t  foudrait 

trai ler les problemes"on the physics of the plant environment and micro-meteorology, perhaps the root environment, 
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etc.. .".  Ceci  se restr inant plus par "few demonstrat ions of what can be done and how to interpret, what safeguards • 

to take when reading this information". 

M. CHOUARD resume les idees ; i t  semble qu' i l  y a deux obIectifs differents ; des cours d'entrarne-

mer i t  UNESCO,  de on a deux mois ,  le ts  que les  env isage M.  KOLLER,  spec ia lement  axes  sur  la  phys io log ic  vege-

ta le et  la physio log ic  de l 'env ironnement,  qu i  pourre ient t i t re  domes dans les  phytotrons ex is tents .  L 'autre object i f  

est celu i  que pet it  reel lement apporter ( 'UNESCO aux pays en vole de deveroppement et, dans ce cas,  i t  faut en-

visager, avant k: construction &us phytotron, un stage d'un an ou deux pour les futurs phytotronistes, °fin de par-

t ic iper au travai l  reel  dans an phytotron. 

M. BOATMANN estime que [es cours d'ent rainement ne doivent pas prendre le temps compler des 

chercheurs mais etre "part-t ime operation". 

Pour M. NITSCH, une bonne pantie des cours sont deja dispenses avec la cl imotologie 01.1 pl Oa} la 

bloc I imatologie. 

Et pour M. GALUN, ces cours doivent s 'adresser e l  des personnes ayant deja Fin i  leurs etudes et 6 

un petit rrombre de personnes "who are responsible For the technique of running the phytotron". 

M.M.  WASSINK,  JARVIS,  LEWITT et  SALISBURY tou levent  ega lement  de  nornbreux prob lemes evo-

ques au cours du Symposium, et qui montrent que les phytotronistes eux-memes ne connaissent pas encore 

et les court de perfectionnement leur paraissent donc peu real istes et prematures. 

M. NANDA pense que, puisqu'on a decide de posseder un phytotron, "i t is  important to have proper 

personnal  to main that phytotron",  par  consequent,  les court  do ivent etre mis  s t i r  p ied.  Pour ce la,  i t  faut deux tortes 

de personnel : "one For the technicians who wil l  be concerned with the handling of the phytotron and they should have 

a separate type of training from those who will be the research workers". Pour les seconds, des visites de divers phytotrons 

sont importances pour avoir une idee "about their working and spend some more time in the type of phytotron that they 

are going to bui l t  in their own countr ies". 

M. BANERJEE est  completement d 'accord qu ' i l  y  a l ieu de separer l 'aspect technique et l 'aspect re-

cherche. C'est pour ce second groupe de chercheurs, déjà docteurs, que ies court d'entrainement seraient ut i les. Ces 

court devraient etre suiv is par des v is i tes de phytotrons-types ou d'Univers i tes ou d'Inst i tut part ic ipant OW( travaux 

des Phytotrons. 

Pour  M.  BOATMAN, i i  y  aura i t  cependant  an cer ta in  danger  a  separer  le  personnel  en  deux groupes  

"I th ink any system which encourages people to use phytotrons which they can't  themselves control  is  perhaps rather 

a danger,  Perhaps i t  would be wrong to emphas ize the gap between the sc ient i f i c  and technical  ass is tance. l i  pro-

pose p lutot ( ' inverse :  envoyer du personnel  spec ia l ise pour "ass is t  in  the sett ing up of  new env i ronmental  fac i l i t ies 

in a developping countries during one or two years". A son avis, un echange frequent du personnel entre let divers  

phytotrons serai l  souhaitable. 

M .  BOGUSLAWSKY pense ,  neanmoins ,  que  ( ' o rgan isat i on  par  l 'UNESCO de  cours  de  pe r fec t i o r re -

ment est parfaitement real isable pour des post-gradues qui sont axes sur l 'Ecologie et la Physiologic.  Seale se pose le 

question de duree de ces court. 

M. BOUILLENNE s igna le qu'en Belgique des Congolais v iennent re9ulierement se perfect ionner dans 

les d ivers  laborato i res et acquierent un cert i f i cat .  I I  en est de meme, d 'a i l leurs,  dans d 'outres pays qui  accuei l lent 

des Afr icains. 

M .  KENDE suggere  que ,  pu isque  ( 'UNESCO s ' in te resse  a  l a  ques t i on ,  i t  f audra i t  c reer  "some sor t  

of advisory committee composed of people From several regions and countries who could be responsible For the news 

paper and also for suggest some Further training if needed". 
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M. BANERJEE estime que, pour eviter des surcharges de personnes et de matieres, les cours d'en-

trarnement devraient etre donnes "for peoplewho wi l l  be engaged in future in the work on environmental physiology 

and who have a sufficient background of grasping the things of environmental physiology that are attached in a phy-

totron".  

Pour M. FRANZEL egalement, les cours de phytotron istes doivent etre plutOl -  des cours de "plant 

physiology or ecology or environmentalism, with a special  attend on the application of phytotrons as means of re-

search" et qurils doivent etre differents de ceux d'ingenieurs ou techniciens speciolement pour les pays en vole de 

developpement. 

M. WALTER prec ise qu 'a ( 'UNESCO it  y a un "Advisory committee" qu i  contrOle tow les programmes 

de sciences natureIles, main i t y a aussi une divis ion qui coordonne tous les travaux scientif iques et ce n'est qu'avec 

l 'avis, et apres accord de ('United Committee for Natural  Ressources Research, que sont executes les programmes 

spec i f iques.  C 'est  d lu i  qu ' i l  y  a l ieu d 'envoyer des propos i t ions concretes.  

M. CHOUARD pense en conclusion qu' i l  n 'y a pas l ieu actuel lement de piendre de decis ion ou pro-

posit ion. D'obord, i t  foul  un compte rendu des seances et attendre ensuite les react ions des divers part ic ipants avant 

de proposer quelque chose a ( 'UNESCO. 

M.  FRANKEL propose  de  pense r  ( ' ins ta l l a t i on  d 'un  grand cen t re  phy to t ron ique que lque  par t  aupres  

d'un grand centre agricole, p. ex. : "Rice Research Institute in Phil ipin" et les fonds seraient demand& au Programme 

Bio logique Internat ional .  

M. CHOUARD estime que le programme biologique international dolt etre soigneusement etudie 

d 'abord et ensui te presente par  M. FRANKEL et lu i -meme. 

0 

0 0 

VIII -  AUTRES SUJETS DE DISCUSSIONS POSSIBLES 

Molgre le grand nombre d'idees emises el de sujets abordes ou cours des deux journees de travail, 

it reste encore un aussi grand nombre de themes de discussions proposes , main qui n'ont ere qu'evoques et insuffi-

samment discutes par manque de temps. 

En voic i  la l iste. El le peut presenter un certain interet pour d'autres reunions. Les norns qui suivent 

les propositions de discussions suggerees sont ceux de leurs auteurs ; d'autres qui n'ont pas de noms d'auteurs vien-

nent du personnel du Phytotron de Gif-sur-Yvette. 

A- PROBLEMES TECHNIQUES 

a) Diverses conceptions des Ph otrons (entretien, gestion, emploi de ces diverses sortes de Phytotron ; adaptation 

aux problemes a resoudre). 

-  Phytotron technique compared advantage of  var ious  techn iques (H.R.  HIGHKIN).  

-  Opt imum s ize  of  cab inets  (J  .P .  KRAMER).  

-  Phy to t ron  techn ique  :  chambers ,  ve rsus  rooms (H .J ,  KETELLAMP 

- La creation de nouveaux Phytotrons et dimensions a donner a ces instal lations encore inexistantes (P.E. PILET). 
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b) Progrespossibles ou recherches en vue des divetses operations techniques dans les Pl..otrons. 

1 -  CI  imat isot ion, temperature,  humid i ty ,  etc. . .  

-  Prob lems of  CO2  cont ro l ,  humid i ty  o f  a i r ,  l ight  ( .1 .  CATSKY) .  

- Problem relat ing to the use of high intensity l ight, humidity control ,  continuous var iat ion of temperature and l ight 

in tens i ty  (F .B .  SALISBURY}. 

- Comparaison du mouvement lateral ,  ascentionnel 04:descendant de I 'ai r .  

- Exposure chambers and humidity control  for photosynthetic measurements and water research (B. SLANAK) . 

-  Aspects  o f  cont ro l l ing the env i ronment  in  Phytot ron ics  Techniques  (H.R.  HIGHK1N).  

-  So i l  temperature,  microc l imato logy o f  the Phytot ron (H.] .  KETELLAPPER) .  

-  The measurement of  temperature in  growth room in re lat ion to l ight (G. HUSSEY).  

-  Def in i t ion de la temperature d 'une sal le ,  compte rendu du rayonnement.  

-  in te re t  de l 'e tude de  l 'hygrometr ie  de l ' a i r .  

2- Lumiere. 

Problemes d ' i l luminat ion des cabinets  contro les  des Phytotrons (E.L .  NUERNBERGK). 

-  P ropor t i on  of  natu ra l l y  l i gh ted  vs .  a r t i f i c i a l l y  l i gh ted  cab ine ts  (J .P .  KRAMER).  

- E, ight sources and sunl ight (H.J. KETELLAPPER). 

-  Poss ib le compar ison for  qual i ty  ef fects  of  sunl ight with f luorescent l ight qual i ty  (F.P.  ZSCHELLE).  

-  A t ta inment  of  l igh t  in tens i t i es  under  con tro l led  cond i t i ons  (A .H .  BUNTING) .  

-  Present poss ib i l i t ies  concerning generat ion of  l ight of  h igh intens i t ies (H.  MOHRI. 

-  New a r t i f i c i a l  l i gh t  s ou rces  (W.W.  SCHWABE) .  

-  New deve l opment  in  l i gh t ing  and  re f r i ge ra t i on  (A . J .  L INCK) .  

- L ight condi t ioning use of Phytotrons for photosynthesis and chlorophyl l  studies (Z. SESTAK).  

-  Re lat ions between the qual i t ies  of  the phytosynlbet ic  apparatus and envi ronment (P.  HOLMGREN). 

-  Growth  of  p l an ts  in  a r t i f i c i a l l y  i l l uminated  rooms and cab ine ts  unde r  h igh  i n tens i ty  i l l uminat ion  (J . J .  PALMER) .  

-  Con t r o l  o f  spec t r a l  compos i t i on  o f  l i gh t  ( C .D .  NELSON) .  

-  % incandescence- f luorescence a ut i l i se r .  

-  Intensi ty  et quol i te de la Ivrn iere d 'appoint.  

-  L i g h t  q u a l i t y -  c o n t r o l  a n d  m e a s u r e m e n t  ( A . W .  C A L S T O N ) .  -  P r e c i s i on  nece s sa i r e  dans  l e s  mesu re s  

d ' i n tens i t e  l um ineuse .  -  Methode de contra le de l ' intensi te iumineuse et son maintien a un n iveau acceptable 

en fonct ion de la lx i isse 

de f lux des lampes avec leur age. 

Probleme du passage progress i f  des condi t ions de lour  aux condi t ions de nui t ,  et vice-versa (A.  ANSIAUX).  

3 -  Techn i ques  cu l tu r a l e s ,  p rog r ammes .  

-  Mi l ieu de cul ture :  substrat ,  so lut ion nutr i t ive. 

- Degree of quarantine which is necessary in Phytotron . P. KRAMER). 

4 -  C o n t r a l e  

-  Supply ing severa l  c l imat i c  fac tors  at  the . .same t ime in  smal l  rooms (C.D.  NELSON). 

5 -  Cons t ru c t i on  d  e  pe t i t s  cab ine ts .  

-  Eva lua t i on  o f  the  commerc i a l  boxes  now ava i l ab le  ( J . E .  GUNCKEL ) .  
-  Reasonable requirements on range of  envi ronmental  factors ,  to be spec i f ied for  env i ronmental  room (J .E.GUNCKEL). 
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6- L imites possibles 

-  L imi ta t i ons  o f  Phy to t ron i cs  research  (S .H .  CAMERON) .  

B -  P R O B L E M E S  S C I E N T I F I Q U E S  . -  

Quel les recherches sc ienti f iques (fondomentales et appl iquees) ex igent-ei les le plus expressement l 'emploi  

d'un Phytotron ? 

- The level of environmental control necessary to al low extrapolation of results from the Phytotron to natural  condi-

t i o n s  (R .O .  THOM AS ) .  

- Les diverses questions relatives aux recherches que les Phytotrons permettent de cleanser (P.E. PILET). 

-  Use  o f  Phy to t r on  ( J .A .D .  ZEEVAART) .  

-  In teract ions  between env i ronmenta l  fac tors  and growth (J .A .  LOCKHART).  

-  How the Internal  condi t ions of  the p lants  re late to the external  factors  (G.G. SPOMER). 

- Questions of what degree of control  is  needed to obtain val id results and how to successful ly transfer the Findings 

in the laboratory to the f ie ld (H. HELLMERS). 

-  Compar isons of  resul ts  f rom Phytotrons and the f ie ld (J .P.  HUDSON). 

-  The use of  Phytotron fac i l i t ies  to study problems ar is ing f rom study of  crops in the f ie ld (M.P.  CARTWRIGHT).  

-  The use contro l led env i ronments for  s tudy of  agronomic problems (J .H. HUDSON). 

-  Usefu lness  of  Phytot rons  in  ana lys ing the  re lat ionsh ip between plants  and the i r  natura l  env i ronment  (D.G. MORGAN).  

-  The use of  contro l led env ironments for  s tudy ing ef fects  of  c l imate and weather on crop yie ld (D.J .  WATSON). 

- Fact that most work in plant physiology has dealt with plant growth and other responses at l ight intensit ies quite 

low in comparison to out-door sunl ight. Many genetic d i f ferences and other responses might wel l  be dif ferent i f  

high intensities were employed. 

-  L i gh t  i n tens i ty  and  qua l i t y  e f fec ts  on  p lan ts  (F .P .  ZSCHELLE) .  

-  Ef fects  of  di f ferent root and shoot temperatures on plant growth (LA. MOORE). 

- Effect of age and stage of development on the rote of Photosynthesis (M.P. CARTWRIGHT).  

-  Tree Phys iology and Phytotron ics  of  woody spec ies  (Dendrotron) (S.D. RICHARDSON). 

-  How Phytotron must  he lp for  appl i cat ion  to  problems of  p lant  ecology and causa l  p lant  geography (M.  RYCHNOVSKA).  

-  Ef fect  of  env ironment on plant v i rus mutat ion and se lect ion (J .C.  BALD).  

- Un semi-phytotron permettant de resoudre certains  proble-nes de Phytophysique alpine (P.E. PfLET). 

-  F inding from exper iments  in  Phytotron (F.L .  MILTHORPE).  

C -  P R O B L E M E S  D E  C O O P E R A T I O N  . -  

a) Cooperation sc ienti f ique et Technique entre Phztotronistes.- 

-  The Phytotron as an inter- inst i tut ional  and an inter  d isc ip l inary fac i l i ty  (D.  KOLLER) 

-  Internat ional  cooperat ion in Phytotronics (H.  MOHR).  

-  Coopera t i on  in  Phy to t ron i cs  (R .D .  ASANA).  

-  Cooperat ion  :  reg iona l  la rge  Phytot ron combined wi th  local  smal l . fac i l i t i es  (H .J .  KETELLAPPER) .  

-  Exchange of  exper iences wi th d i f ferent types of  Phytotrons (K.  EGLE).  

-  Exchange of  sc ient is ts  between Phytotrons (A.  NYGREN). 

- Establ ishment of on international center of information concerning the engennering of control led c l imatic condi-

t i o n s  ( E .  GALUN ) .  

-  Opportun i te  de creat ion dune societe de Phytotron is tes  (P.E.  PILET) 



 

- Livre Irk bref enumercnt les diverses facilites qu 'tare choque phytotron, darks le but de permettre aux 

chercheurs de realiser des experiences plus certoinement valables selon les possibilites (P.E. FILET). 

- Brochure enumerant les diverses facilites que l'on petit trouver dons les divers Phytatrons et par extension dons les 

diverses Facultes et Stations de Recherche. 

b) Cooperation en vue de l'oide aux poems en voie de developpement, yecialement aux zones arides.- 

Questions posees par I PUN ESCO  

- Importance of Phytotronics for arid zone research M. EVENARI). 

- Cooperation of different countries in Phytotronics for arid zone (N. EVENARI). 

- What requirements should be fulfilled to make a Phytotron useful (craning of personnel, associated research, etc..) 
(0.H. FRANKEL). 

- Courses for technicians and research workers and cooperation of Phytotronists developing countries (K.K. 

NANDA). - Le probleme des chercheurs et stages que ceux-ci pourraient faire dons les Phytotrons (P.E. PILET). 

- Needs of UNESCO (F. LONA). 

c) Cooperation eventualiement en rapport avec le Programme Biologi ternationcl .B.P.) 

- Eventuallement, repartitian du programme des recherches sur les focteurs de l'environnement agissant quantitati-

vement sur la productivite. 

- Nature of assistance in Agronomy and research could be give by Phytotron (0.H. FRANKEL). 

- Intensified connection with the International Biological Programme (W. HAUPT). 

0 

0    
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RESUME ET CONCLUSIONSDE LA REUNION PHYTOTRONIQUE I - 

(Londres, Juiliet 1964). 

Le recut du temps permet de reprendre les deux fours de Conferences et Discussions particulierement 

interessontes de la Table Ronde Phytotronique tertue ii Londres les 30 et 31 juillet 1964 et, cares, un resume 

adapte aux circonstances, de firer des conclusions elargies et actuelles. 

I -  RESU M E  

Quatre principaux chapitres ont ete abordes : 

1 '/ DESCRIPTION DES PHYTOTRONS, SERRES AMELIOREES, CABINETS SPECIAUX et DISPOSI - 

TIES OU "GADGETS" utilises pour pallier les inconvenients de its voriabilite climatique de plein air. 

C'est ainsi qu'ontete presentes (parfois avec ('orientation des principales recherches entreprises) 

: - Le Loborotoire d'Horticulture de READING (Dr HUGHES). 

- L'Institut d'Horticulture de WAGENINGEN (Prof. DOORENBOS). 

- L'Institut d'Agriculture de RAUISCH-HOLZHAUSEN (Dr BRETSCHNER10). 

- L'Hel iotron de GORSEM (Dr SIRONVAL). 

- Phytocyclon et Phytobox (Ets RIJTHNER). 

- L'Institut de Biologie de BAYER de LEVERKUNSEN (Dr BOTTLAENDER). 

- Diverses facilites du Phytotron de GIF-sur-YVETTE (Dr NITSCH). 

0 

O 0 

Cette liste n'est, Bien entendu, qu'une petite partie des nombreuses realisations existantes et it se-

reit interessant que, dans le cadre d'eventuel les "PHYTOTRONIC NEWSLETTERS", sait entrepris le recensement des 

d iverses installations existantes dans le monde, avec, dans cheque cas, une description aussi detaillee et concise que 

possible. 

Ce travail pourrait etre entrepris rapidement, sous forme dactylographique d'abond pour etre reuni 

ensuite en un volume general. 

0 

O 0 
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2 ° /  F A C T E U RS  DE  L ' E N V I RO NN E ME N T ,  M O Y EN S  D E  C O N T R OL E  E T  DE  M E S U R E  D E  D IV E R S  

DEGRES  DE  
PREC IS ION  . -  

C'est dans ce chapitre que Pon pent inclvre environ la moit ie des discuss ions et deux 

conferences sur les mesures de lurniere. 

a)  Temperature :P lus ieurs  problemes abordes n 'ont pu cependant trouver, de conclus ion genera le ,  car tout depend 

du but  poursu iv i .  Dans  ce t  ordre  d ' idee,  c i tons  Moyens  de  mesure  de  la temperature  des  Feui l  les  e t  compora ison 

avec cel  le de fair  ambient ; inf luence de l 'a l ternance des temperatures et,  surtout, possibi l i tes, di f f icultes et degre 

d' interet du reglage de la temperature d'ambiance en fonct ion de la temperature de la plante. 

b)  Humidite : Pour ('ambiance, la maitrise de l 'humidite est fres onereuse et, semble-t-i l , pas tovjours indispensable. 

Pour l 'humidite du substrat,  Pautomat isme est possible, mais son uti l isat ion doit dependre do but poursuiv i .  

c)  Goz carbonique He de lo mali r ise precise de ce facteur ne paroit pas evidente (comple tenu du prix et des 

di f f icv l tes d' instel lat ion),  soul '  lorsqu' i l  s 'agit de problemes de fert i l isat ion carbonee. II  senble qu'avec une bonne 

aerat ion et on bon renouve l lement d 'a i r ,  le  probleme deviant secondaire , mais ,  la encore,  les conclus ions peuvent 

etre di f ferences scion le but poursuiv i .  

d)  Lumiere : Sur ce sujet deux conferences ont etc presentees. La premiere par le Dr NISHIZAKI sur la methode uti-

thee  d  I ' Ins t i tu t  d 'Agr i cu l tu re  de  TOHOKU,  pour  mesure r  su r  p lace ,  a  ( 'a ide  de  p laque  photograph ique ,  l ' e c la i re -

Cent et lo report ition spectra le. 

La seconde par le Dr GAASTRA sur la methode de convers ion des mesures permettant des comparai-

sons en vaIeur energetique des diverses lampes. Avec les lampes f luorescenies les plus puissentes, on atte int environ 

45  %de l a  l um iere  es t i va le  de  WAGENINGEN,  mots  I I  Fou l  a lou ter  env i ron  60  % d ' incandescence  pour  compenser  

le deficit  des rayons rouges et infra-rouges proches. 

Durant les discuss ions, i t  est apparu net lement que le type de lampe et reclairement opt imum depen-

dent du but poursuivi et de lo duree des experiences. 

De nombreux points poraissent peu connus ou encore insuffisamment discules, notamment le degre d'in-

teret 6 porter  6 la var iat ion progress ive de l 'ec la i rernent au debut et a la f in  de Pherneroper iode, le  v ie i l l  issement 

des lampes et Ia baisse de f lux avec la duree le rapport Fluorescence S incandescence y  a l i eu 

d 'u t i l i se r  dons  l 'ec la i rement  des  p lantes ,  la  qua l i te  de la  pe in ture  des  murs  ou de  sur faces ref lech issantes  sur  les  

murs et ( 'uti l isation des verres ou plastiques pour separer les lampes de ('ambiance. 

Les iompu a arc a xenon donnent,  ind iscutablement,  les  niveaux d 'ec la irements les  p lus 'S ieves avec 

un spectre assez sembiable ou spectre solaire, mais leur prix et certaines incornmodites en l imitent l 'emploi i i  des cos 

spec ia ux . 

Pour toute instal lat ion, une methode sage consiste, d'une part a real iser des essais prealables permeltant 

d 'obten i r  des p lantes ouss i  semblables que poss ib le  a ce l les  des irees,  et  d 'avtre part  a decr i re  avec so in les  

condit ions d'ec lairage et mesures d'ec lairement reel isees of in de permettre Ia reproduction des exper iences. 

a 0 
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le recul du temps nous permet de signaler que toutes les personnes interessees par la Phytotronique 

onr rep dons le courant de 1965 une note sur Les diverses lempes existent sur le marcher avec leurs caracteristiques 

d'intensite lumineuse et leurs spectres d'emission. II semble que depuis cette epoque peu de re:nivel:lutes cl ient ete 

mites sur le march& 

i t  semi '  interessant,  egalement,  dans le  cadre eventuel de "Phy latran ic Newsletters" de donner la 

l iste du materiel servant 6 mesurer les divers parametres de temperature, humidite et lumiere principalement. 

0  

3°/ UTILITE DES PHYTOTRONS - COMMENT DOIVENT-ILS ETRE ? COMPARAISON DES DIVERS 
TYPES - BESOINS EN PHYTOTRONS 

Ce chapitre essentie l ,  pr incipolement pour les nouvel les instal lat ions, a ete longuement delx ittu. 

ll semble que, id encore, tourdepend du but poursuivi. 

Trois conferences generoles ant compare les moyens existents et defini comment devrait etre un Phy-

totron nouveau. 

Pour le Dr KOLLER, un Phytotron devrait pouvoir donner an gradient permanent d'un certain nombre 

limits de facteurs permanents avec possibilite d'introciuction de gradients temporaires supplementaires. Les facteurs 

permanents sons pr incipelement : temperature et lumiere. La valeur d'un Phytotron depend de sa Flexibi l i te.  

Le Dr NITSCH ne pense pas qu'un grand Phytotron, avec des sel ler de grandes dimensions, soit ne-

cessaire dans tote les pays. II comporte, en eFfet, one perte de place due d une machinerie compiexe et exige un 

personnel  important et  quai i f ie ,  et  c 'est  pourquoi  i t  prefere,  du mains pour son usage personnel ,  la formule des 

serres conditionnees sans exces de precision (= superserres) pour les experiences preliminaires et des petits cabinets 

pour des essais precis, principalement ceux de courte duree. 

Le Dr EVANS a precise encore, semble-t-i l , la pensee generale en clossant les parametres par ordre 

decro issant d ' importance :  temperature,  photoper iode; n iveau d 'ec ia i rement,  humid i te,  v i tesse du vent,  composi -

t ion de l 'a i r ,  etc . . .  mais, selon cet auteur, on devrait  touiours avoir la possibi l i te de fai re var ier separement les 

temperatures  des  par t ies  aer iennes  e t  souter ra ines  des  *Nes .  La repar t i t ion  de  la  surface d 'un Phytotron devra i t  

etre analogue a ce l ls  de Canberra :  1/5 seu lement de In sur face tota ls  avec une regulat ion tres prec ise du maxi -

mum de facteurs, done d' instal lat ion, et d'entret ien Tres onereux. 

2/5 en ecla i rage nature l  avec une prec is ion de temperature de + 1,5 °C, entre 15 et 36°C et une 

duree du jour de 8 ou 16 heures, et 2/5 en cabinets a eclairage art i f i t ie l  avec la niece fourchette de temperature, 

ma's avec une precision de temperature superieure. 

Au tours des discussions les miimes conclusions sont apparues : melange de grandes sales et de 'Deli is 

cabinets dormant le maximum de f lex ibi l i te 

line recommendation evidente a etre ((lite pour le choix des emplacements de futurs ensembles : 

preference pour la proximte d'un Centre de Recherche 3iologique. 

Six Conferences ant fait apporaitre l ' interel des P.hytotrons : 

-  Le Dr HUGHES a Reading, etudie les  problemes hort ico les . 
- Le Dr BRETSCHNEIDER a Rauish-Holzhausen ayant etabl i  an programme cl imatique moyen, variable par perioc le 

de 5 jours ,  determine par  des essais  sur  avoines les  condi t ions moyennesqui  to rapprochent le  p lus de la region,  

en prenant pour base le rendement poids de grain et de pai l  le ainsi  que le rapport grain-pai i ie.  II lu i  parait que 

cette methode est voluble pour toutes les plantes,ou mains ceiles des regions temperees. 
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-  Le Dr BOTTLAENDER 6 Leverkuessen, ut i l isant des e lements en plat ine,  constote qu ' i ls  sof t  inf luences de is  mime 

fawn que la  p lante  par  la  temperature  de Pa i r ,  la  v i tesse  du vent  e t  les  rad iat ions  lumineuses .  II  a  &ob l ides  courbes 

de croissance des plontes par calcul de polynomes de regression. Ces courbes de croissance lui servent aux essois d'ef-

f icac i te de pest ic ides d ivers . 

- Le Professeur BOGUSLAWSKI 6 Rauish-Holzhausen, a etudie,sur l 'avoine, l 'act ion du gaz corboniqueet les chan-

gernents physiologiques qui apparaissent en combinant ce facteur avec la temperature, l 'eclairement et la nutrit ion 

azotee.  II  est ime que c 'est  grace au Phytotron gu l l  a pu isa ler  of  seporer fact ion de cos d ivers focteurs . 

- Le Dr COOPER a Aberystwyth (Ecosse) a compare des vor ietes de Lol ium, Festuca et  Dactyl is  d 'or ig ines mediter-

roneennes et ecossaises. Dans ce cos, un Phytotron precis nest pas necessaire, et des sal les avec un haut niveau 

d 'ec la i rement ont etc suff isants .  Dans le  meme laborato i re ,  le  Dr BIRCH a poursu iv i  ce travai l  en comparant des p lan-

tes cult ivees dons des parcel les d'essais a l 'exter ieur et dans les sal les, ce qui lu i  a permis de determiner quels sont, 

parmi les facteurs les plus var iables, ceux qui interviennent le plus sur ies phenomenes etudies. 

-  Le  Professeur  NANDA,  de  l 'Un i vers i te  de  Pen jab ,  ne  pou t ,  par  con tre ,  te rminer  l e  t rava i l  commence  en  1941  

sur 260 var ietes de froment par manque de Phytotron. Malgre les nombreuses correlat ions elaborees entre divers 

focteurs  exter ieurs ,  la cro issance, le metabol isme of  le developpement des f roments ,  i t  ne peut ver i f ier  la c lass i f i - 
cation physiologique etablie en se basant nut le quantum photothermique, la croissance des parents et le developpement 

reproductiF. 

Au cours des discussions, it est apparu nettement que la plupart des problemes déjà poses ou connus 

peuvent et doivent etre tabard& sans uti l isation de Phytotron. Par contre, i i  y a encore trop peu de recherches faites 

dans les Phytotrons pour pouvoir juger de leur rentabi l i te. 

Pour les utilisations pratiques, it a etc rappele que les resultats obtenus ne peuvent etre transposes 

directement, surtout du point de vue des touts de production, car les conditions de travail  dans un Phytotron sant 

toujours differents de cel ies des travaux accomplis dans la nature. 

0 

0 0 

Lerecul du temps nous perrnet de constater que Ion a encore peu de nouvel les des grandee instal lations 

qui ant ate real isees depuis 1964. Le Biotron du Professeur SENN aux USA et un Phytotron en URSS 6 Irkoutsk semblent 

etre,  se lon nos connaissances,  I ts  seu les real isat ions de grande envergure; quelques autres para issent etre en 

preparation. Par contre, presque chaque Faculte, presque chaque Departement de Physiologic vegetale et chaque 

Service de Recherches en Agriculture, dispose actuel lernent,ou aspire vivement a disposer, de serres de culture avec 

plusieurs cabinets en 6c 10 irage artif iciel pour les etudes precises, c'est-6-dire de disposit ifs qui, sans etre de veri-

tab les  Phy to t rons ,  re leven t  de  ce  que  nous  appe lons  i c i  l a  "Phy to t ron ique" .  Les  i dees  emises  ou cou rs  de  cos  

" journees consacrees,  en 1964, 6 la Phytotron ique" para issent en vole de trouver une appl icat ion un peu partout dans 

le monde. 

0 

0 0 
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4 ° /  C O O P E R A T I O N  I N T E R N A T I O N A L E  . -  

Sur ce chapitre, une seule intervention, 

cel le du Dr FRANZLE, a fai t ressort i r  les faci l i tes qui pourraient eventuellement etre demondees a UNESCO : 

- d 'une parr la creat ion de "tours pour Phytotronic iens" 

- &mitre part publ icat ion de 'Phytotronic  Newsletters . '  

et On pourrait y ajouter onnuellernent la publication de resumes (=abstracts), rediges par les interesses, sur les 

articles parus sur les questions interessant la Phytotronique. 

Au cours de la discussion, 71 est apparu que seule la publication de "Phytotronic Newsletters" est 

d'actual i te, les autres possibl i i tes ne sont pas encore mixes. 

Par contre, la mite as point dans les Phytotrons de quelques problemes interessont le programme Bio-

logique international,  pourrait t i tre envisage. 

0 

0 0 

Les quatre annees passees depuis la reunion ont permit de canstater que plusieurs organismes inter-

naronaux, par  example !Internat ional  Soc iety for  Hort icu l tura l  Science (ISHS) s ' in leressent egalement au prol leme 

de l 'environnement en reunissant des Congres, Col loques et Conferences generates ou special ises. 

On peut ti ter les reunions internationales suivantes qui touchent taus as certains des problemes evo-

ques a noire Table Ronde. Cette l ists, non exhaustive bien entendu, merite d'etre reproduite ici af in de soul igner 

(' importance que prennent les problemes de l 'environnernent dons les recherches at la vie rnoderne : 

- Symposium on plant environment in glasshouses Silsoe 13-17 septembre 1965 ; Commission for Hoiticul rural 

Engineering from ISHS ; 

- Symposium of Measurment of Environmental  Factors in Terrestr ial Ecology, march 1967 - Reading ; 

- Symposium on the Techniques of experimentation in greenhouses. Littlehampton 3-7 april 1967 ; Commission For 

Protected cult ivat ion from ISHS. 

4eme Congres Internat ional de Chouffage et de Cl i rnat isat ion ; Par is , Mai 1967. 

- Symposium on Electricity and artif icial l ight in Horticulture; Littlehampton 17-21 march 1969 ; Commission for 

Hort icultural  Engineer ing from ISHS. 

Soi l , en rnoyenne, un peu plus d'une reunion annuel ie internationale dont nous avons eu connaissance. 

Mois  la ne s 'orrete pas ( 'e f fort  entrepr is  car  certa ins centres de recherches et Univers i tes ant forrement e latg i  l 'accuei i  

des stagiaires strangers et pr incipalement ceux des pays en voie de developpernent. Sans peut-t i tre dormer de "cows'", 

n i  del ivrer de "diplOrnes" de Phytotronistes, ces stages permettent d'avoir des notions plus precises des besoins et des 

diff icukes de [a recherche uti l isant les moyens phytoironiques. 

On pourrait ,  semble-t-I l ,  commencer d penser plus ser ieusernent a une organisat ion plus coherence 

et a une diffusion plus complete des inoyens et possibil i tes de perfectionnement. 

N .  de  BILDERL ING 



 

I I -  C O N C L U S I O N S  

On a d i spute beaucoup sur  le  po int  de savo i r  s i  l es  Phyto trons  ont serv i  ou serv i ront ,  oui  ou non,  

a fa i re des decouvertes importantes en sc ience fondamentale ou pour des appl icat ions importantes en vue dv "bien 

etre humain" ? II sembie ressort ir de lo discussion que les bio logistes du monde vegetal ,  en 1964 n'eta ient pas encore 

assez generalement informes des moyens d'act ion de la Phytotronique pour en defini r unaniment l 'emploi dans les domoines 

de la sc ience en gestat ion. Par exemple, tres peu de personnes savaient olors qu' i l  n 'y a d ' interet a employer les moyens 

onereux d'un phytotron proprement di t  que sur un mater iel  bien connu auparavant,  bien "c lef in i" sous le rapport de ses 

react ions aux divers facteurs du mi l ieu, de sorte que l 'emploi  des phytotrons etai t  parfo is gasp i l l e  avec  peu de pro f i t .  

Comprendre la  necess i te  moderne pour la  B io log ie  vegeta le de fa i re  usage de d ivers  moyens  de mattr i se des facteurs 

de l 'envi ronnement en passant  par  d iverses &apes d 'entra inement et  de precis ion,  est  un 

&at  d 'espr i t  qui  se repand, mais ce n 'est  qu 'un commencement.  

On sent venir d'autre part un engoi:Iment croissant des Biologistes vegetaux pour la Biochimie, la 

B iophys ique,  et  meme la  B io log ie theor ique ;  on pourra i t  c ro i re que,  d 'une cer ta ine maniere,  la  B io log ie  tend a de-

ven i r  une b ranche de l a  Ch imie ,  de  la  Phys ique  ou meme des  Matherna t iques .  Cependant ,  nes t -ce  pas ,  pour  une par t  

du mo ins ,  avec  ( 'a ide  de la  Phyto t ron ique que se  degagera  dans  I ' aven i r  l ' o r ig i na l i te  de  la  B io log ie  vege ta l e  ?  

En effet,  la Phytotronique est le moyen indispensable pour s 'affranchir  des "bruits de fond" du milieu 

naturel  a f in  d 'entendre,  de decouvr i r  et de s i tuer,  les  complexi tes spat ia les,  tempore l les  et  autres qui ,  s 'a ioutant aux 

donnees phys ico-ch imiques de base,  permettront d 'apprehender les  premiers e lements de ( 'emergence de la v ie. 

P .  CHOUARD 



 

ERRATA 

PHYTOTRONIQUE 

COMPTE•RENDU DE LA TABLE RONDE TENUE AVEC L'AIDE DE L'UNESCO 

LONDRES 30 - 31 JUILLET 1964 

POSTFACE 7969 

Page 60- lignes 33 et 34 lire : 

. . . . ve ry  la rge  d i f f e rences  in  g lasshouse  cond i t i ons ,  but  l i t t l e  d i f f e rence  
a t  the  lower  l i gh t  in tens i t i e s  o f  the  ar t i f i c ia l - l i ght  g rowth  rooms.  

Page 67- lignes 7 a 22 lire : 

LANG- The re lat ion between reproduct ive  deve lopment and vegetat ive  growth 
is  general ly  recognized,  but the big  quest ion is  :  is  th is  a  genuine ,  
causal relationship or a correlation of which the physiological bases 
are  not  understood ?  However,  I 'm afraid that  i f  we go  into  a discussion 
o f  the  sc ient i f i c  aspec ts  o f  any  o f  the  papers  presented  here  we  w i l l  
in f r inge  on the  prerogat ives  o f  the  Botanica l  Congress  which we  a l l  
are going to attend ; thus, I  suggest we do not discuss that question. A 
po int  that  occurs  to  me in  th is  connect ion again,  however  ,  i s  :  when 
do we need a phytotron,  and when can we do wi th a couple  of  we l l -
con t ro l l ed  ,  commerc ia l  o r  se l f -made  g rowth  rooms?  From what  you  
sa id  I  do  not  fee l  that  you are  absolute ly  dependent  on a  medium-size  
or  large-s i ze  phytotron,  but  that  much o f  what  you intend to  do could 
be accomplished with a much less e laborate and less expensive faci l i ty.  
I  am not  saying this  to  quest ion that  there  is  a need for  phytotrons 
in a country l ike India,  but to br ing up once more the point  a lready 
touched upon several  t imes in our discussions,  namely,  that we should 
f irst  have a pretty good idea of  the type of  problems we want to 
work on, and on this basis  decide what type fac i l i ty is  required. 

Page 67- lignes 32 a 38 lire 

LANG- The one common denominator o f  the  three  papers we have been hear ing 
th is  morn ing  i s  the ,  quest ion ,  to  what  extent  and  how can  phyto t rons  
he lp  us  w i th  our  more  p rac t i ca l  p rob lems .Dr .  Nanda ' s  s tudy ,  apar t  
f rom i ts  fundamenta l  or  theore t ica l  aspects  ,  i s  a lso  an eminent ly  
practical one, for I  suppose you would l ike to determine exactly which 
varieties of a crop plant are best suited for the different parts of your 
country,  and this  is a  problem which is present in many other count-
tr ies,  too .  This  quest ion has also been proposed for  d iscussion by a  
number of  contr ibutors who have submitted speci f ic  questions for  
discussion. We might thus well take up such a general discussion at 
th is  po int ,  (N ,  B .  The  d iscuss ion which fo l lowed is  inc luded in  "Compte -  
rendu des discussions, VI.  Besoins et uti l isations des phytotrons", 
pp.97-100 of  this volume). 



 

P a g e  8 7 -  l i g n e s  1 7  2 0   l i r e  :  

M .  L A N G  n e  p e n s e  p a s  c o m m e  M .  M O H R .  I 1  e s t i m e  q u e  l e s  i n s t a l l a t i o n s  
" d e p e n d  f i r s t l y   o n  w h a t  w e  w a n t  t o  d o . I f  w e  w a n t  t o  s t u d y  s p e c i f i c a l l y  
q u e s t i o n s  o f  l i g h t  a d a p t a t i o n ,  o r  e f f e c t s  o f  s p e c t r a l  c o m p o s i t i o n ,  o r  p h o t o -
p e r i o d i c  r e s p o n s e s ,  e t c .  o u r  n e e d s  a r e  q u i t e  d i f f e r e n t  t h a n  i f  a l l  w e  w a n t  

t o  d o  i s  t o  g r o w  p l a n t s  u n d e r  s t a n d a r d i z e d  c o n d i t i o n s .  S e c o n d l y ,  t h e  p r e s e n t  
m a i n  l i g h t  s o u r c e s  i n  p h y t o t r o n s  a r e  f l u o r e s c e n t  l a m p s . B u t  f l u o r e s c e n t  
l a m p s  m a d e  b y  d i f f e r e n t  c o m p a n i e s  i n  d i f f e r e n t  c o u n t r i e s  a r e  n o t  i d e n t i c a l ,  
a n d  a r e  n o t  a l w a y s  o b t a i n a b l e  i n  a n y  c o u n t r y . I n  P a s a d e n a ,  I  c a n  e a s i l y  b u y  
G e n e r a l  E l e c t r i c  o r  W e s t i n g h o u s e  l a m p s  b u t  c a n n o t  o b t a i n ,  a t  l e a s t  n o t  a s  
e a s i l y ,  c e r t a i n  f o r e i g n  m a k e s .  T h e  s a m e  i s  p r o b a b l y  t r u e ,  a l t h o u g h  i n  t h e  
o p p o s i t e  d i r e c t i o n ,  i n  o t h e r  c o u n t r i e s .  T h e  c o m p l e t e  u n i f i c a t i o n  o f  l i g h t  
s o u r c e s  w h i c h  D r .  M O H R  a d v o c a t e s  i s  t h u s  d i f f i c u l t  t o  a c h i e v e  f o r  s u c h  
t e c h n i c a l  r e a s o n s ,  a t  l e a s t  w i t h o u t  i n v e s t i n g  a d d i t i o n a l  e f f o r t  a n d  p e r h a p s  
m o n e y  f o r  w h i c h  i n  m o s t  c a s e s  t h e r e  i s  n o  g e n u i n e  n e e d .  T h i r d l y ,  t h e  m a n u f a c -
t u r e r s  a r e  c o n s t a n t l y  e x p e r i m e n t i n g  w i t h  l a m p s . E v e n  i f  w e  c o u l d  a g r e e  t o  u s e  
i n  a l l  p h y t o t r o n s  a  s i n g l e  m a k e  o f  f l u o r e s c e n t  l a m p s  f r o m  a  s i n g l e  m a k e r  
w e  w o u l d  h a v e  n o  g u a r a n t e e  t h a t  t h i s  m a k e  w o u l d  n o t  h a v e  c h a n g e d ,  m o r e  o r  
l e s s ,  i n  a  f e w  y e a r s .  M o r e o v e r ,  I  a m  n o t  a t  a l l  c o n v i n c e d  t h a t  f l u o r e s c e n t  
l a m p s  a r e  t h e  l a s t  w o r d  a s  l i g h t  s o u r c e s  f o r  p h y t o t r o n s  o r  a r t i f i c i a l - l i g h t  
g r o w t h  c a b i n e t s . I f  w e  s t a n d a r d i z e  a l l  p h y t o t r o n s  a n d  c a b i n e t s  w i t h  o n e  e x i s t i n g  
k i n d  o f  l a m p s  w e  m a y  b e  s h u t t i n g  o f f  o u r s e l v e s  f r o m  n e w  a n d  p e r h a p s  r e v o -
l u t i o n a r y  d e v e l o p m e n t s  i n  t h e  s c i e n c e  a n d  t e c h n o l o g y  o f  l i g h t  s o u r c e s .  T h u s ,  
u n i f i c a t i o n  o f  l i g h t  s o u r c e s  s e e m s  t o  m e  n o t  r e a l l y  n e c e s s a r y ,  d i f f i c u l t  
t o  a c c o m p l i s h  f o r  p r a c t i c a l  r e a s o n s ,  a n d  a s  a  m a t t e r  o f  f a c t  p e r h a p s  o u t r i g h t  
u n d e s i r a b l e " .  

I n  c o n c l u s i o n ,  t h e  q u e s t i o n  " f l u o r e s c e n t / i n c a n d e s c e n t "  i s  a  w i d e  o p e n  o n e  a n d  
m a y  c h a n g e  p r o f o u n d l y  a s  w e  a r e  s l o w l y  i n c h i n g  u p ,  i n  p h y t o t r o n s  a n d  g r o w t h  
r o o m s ,  t o  l i g h t  e n e r g i e s  s i m i l a r  t o  s o l a r  r a d i a t i o n  " .  

P a g e  8 9 - l i g n e s  33 a  4 0  l i r e  :  

M .  L A N G  p e n s e  q u e  n o s  c o n n a i s s a n c e s  s u r  c e  s u j e t  s o n t  e n c o r e  b e a u c o u p  t r o p  
v a g u e s  p o u r  n o u s  p e r m e t t r e  d e  p r o p o s e r  d e s  " r a p p o r t s "  p l u s  o u  m o i n s  d e s i -
r a b l e s  o u  b i e n  p o u r  f o r m u l e r  d e s  r e g l e s  s p e c i f i q u e s . A c t u e l l e m e n t , l o r s q u e  
d a n s  l e s  P h y t o t r o n s  o n  u t i l i s e  c o m m e  s o u r c e  p r i n c i p a l e  d ' e c l a i r e m e n t  d e s  
l a m p e s  f l u o r e s c e n t e s  a  f l u x  e l e v e  u n  t r e s  g r a n d  n o m b r e  d e  p l a n t e s  c r o i s s e n t  
a s s e z  b i e n  s a n s  a d j o n c t i o n  d ' i n c a n d e s c e n c e  e t  s i  l ' o n  a j o u t e  d e  l ' i n c a n d e s c e n c e  
o n  n ' o b s e r v e  p a s  d e  d i f f e r e n c e s  m o r p h o l o g i q u e s  o u  p h y s i o l o g i q u e s  n o t a b l e s .  
N o u s  a v o n s  c e p e n d a n t  c o n s t a t e  a ' .  P a s a d e n a  q u e  p o u r  l e  P o i s ,  l a  f l o r a i s o n  
e s t  l e g e r e m e n t  a c c e l e r e e  s i  l ' o n  a j o u t e  e n v i r o n  1 0 %  d ' i n c a n d e s c e n c e ;  ' a ' .  
A r g o n n e  N a t i o n a l  L a b o t a t o r y  o n  a  o b s e r v e  q u e  c e r t a i n s  C o l e u s  o n t  a p p a r e m m e n t  
u n  b e  s o i n  a b s o l u  & i n c a n d e s c e n c e .  A u s s i ,  p o u r  d e s  r a i s o n s  p u r e m e n t  p r a t i  u e s   
e t  a c t u e l l e m e n t   i t  s e m b l e  q u ' u n e  a d d i t i o n  d ' e n v i r o n  1 0  a .  2 0 %  d ' i n c a n d e s c e n c e  
e n  W a t t  a .  l a  f l u o r e s c e n c e  p e u t  e t re  r e t e n u  b i e n  q u e  "  I  t h i n k  t h a t  m o s t  p l a n t s  
c a n  d o  w i t h o u t  i t  a n d  t h a t  f l u o r e s c e n t  t u b e s ,  a t  t h e  e n e r g i e s  p r e s e n t l y  u s e d ,  
p r o v i d e  s u f f i c i e n t  e n e r g y ,  i n  t h e  l o n g  w a v e  r a n g e  t o  p r o d u c e  q u i t e  g o o d  p l a n t s .  
A  p r a c t i c a l  p o i n t ,  b u t  a n  i m p o r t a n t  o n e ,  i s  t h a t  w e  m a y  w a n t  t o  p r o v i d e  a  
m a x i m u m   o f  p l a n t s  p e r h a p s  n o t  w i t h  o p t i m a l ,  b u t  w i t h  r e a s o n a b l y  g o o d  l i g h t  
c o n d i t i o n s . I f  w e  l o o k  t o  t h e  f u t u r e ,  h o w e v e r ,  w e  s h o u l d  b e  r e a d y  t o  c h a n g e  o u r  
t h i n k i n g . I n  t h e  f e w  c a s e s  o f  w h i c h  I  k n o w ,  w h e r e  t h e  l i g h t  e n e r g y  f r o m  f l u o -
r e s c e n t  l a m p s  h a s  b e e n  r a i s e d  t o  n e a r l y  t h e  l e v e l  o f  s u n l i g h t  t h e  g r o w t h  o f  



 

p l a n t s  h a s  n o t  o n l y  n o t  b e e n  i m p r o v e d ,  b u t  s e e m s  t o  h a v e  b e c o m e  c o n s i d e r a b l y  
p o o r e r .  T h i s  w a s  n o t  r e l i e v e d  b y  a d d i t i o n  o f  l i g h t  f r o m  i n c a n d e s c e n t  l a m p s  a t  
t h e  c u r r e n t l y  u s e d  r a t i o s  (  i . e . ,  c a .  1 0  -  2 0 %  )  . O n  t h e  o t h e r  h a n d ,  a s  f a r  a s  I  
k n o w  n o  s i m i l a r ,  u n f a v o r a b l e  e f f e c t s  h a v e  b e e n  n o t e d  w h e n  t h e  e n e r g y  l e v e l s  f r o m  
i n c a n d e s c e n t  l a m p  w e r e  r a i s e d .  B . S . M O S H K O V ,  i n  t h e  A g r o p h y s i c s  L a o o r a t o r y  
i n  L e n i n g r a d ,  h a s  i n  f a c t  r e t u r n e d  t o  t h e  e x c l u s i v e  u s e  o f  f l u o r e s c e n t  l a m p s  f o r  
p l a n t  g r o w t h  a n d  s e e m s  t o  b e  g e t t i n g  e x c e l l e n t  r e s u l t s  w i t h  a  h i g h  e f f i c i e n c y  
o f  l i g h t  u t i l i z a t i o n .  ( T h e  w o r k  s e e m s  t o  b e  p u b l i s h e d  m o s t l y  i n  p l a c e s  n o t  r e a d i l y  
a c c e s s i b l e ;  t h e r e f o r e  I  h a v e  t o  s a y  t h i s  w i t h  s o m e  r e s e r v a t i o n s  . )  

P a g e  9 7 -  l i g n e s  2 8  a  3 1  l i r e  :  

M .  L A N G  p e n s e  q u e  c e s  d e u x  p o i n t s  n e ' c e s s i t e n t  u n e  c o m p l e t e  d i s c u s s i o n .  " B u t  
i t  i s  v e r y  i m p o r t a n t  t h a t  w e  a s s e s s  t h e  n e e d s  a s  w e  s e e  t h e m ,  t h a t  i s  ,  a t  f i r s t  
w i t h o u t  c o n s i d e r i n g  t h e  p r a c t i c a l ,  i . e .  f i n a n c i a l  q u e s t i o n s  w h i c h  w i l l  h a v e  t o  b e  
f a c e d  w h e n  i t  c o m e s  t o  i m p l e m e n t a t i o n .  T h e r e f o r e ,  l e t  u s  f i r s t  t a k e  a  v e r y  d e t a c h e d  
v i e w  a n d  l o o k  a t  p h y t o t r o n s  a s  t h o u g h  m o n e y  w a s • n o  l i m i t i n g  f a c t o r .  L a t e r  w e  c a n  
t u r n  a r o u n d  a n d  s e e  w h a t  m i g h t  b e  d o n e  a s  l o n g  a s  m o n e y  i s  s t i l l  r a t h e r  s c a r c e .  
O n  t h i s  b a s i s ,  w e  m a y  a r r i v e  a t  a  r e a s o n a b l e  a s s e s s m e n t  o f  t h e  n e e d  f o r  p h y t o -
t r o n s  a n d  h o w  f a r  i t  c a n  b e  m e t  " .  

P a g e  9 8 -  l i g n e s  1 7 . a  2 8  l i r e  :  

M .  L A N G  e s t i m e  q u e  M . K R A M E R  p o s e  a i n s i  "  a  v e r y  p r e c i s e  a n d  c h a l l e n g i n g  
s t a t e m e n t "  a v e c  l e q u e l  i t  e s t  e n t i e r e m e n t  d ' a c c o r d . I l  a j o u t e  t o u t e f o i s  q u ' a  P a s a -
d e n a "  t h e  m a i n  d e f i c i e n c y  I  h a v e  f e l t  w a s  t h e  l a c k  o f  s u f f i c i e n t  f a c i l i t i e s  f o r  c e r -
t a i n ,  e x t r e m e  c o n d i t i o n s " . C a r  " j u s t  s u b j e c t i n g  a  p l a n t  t o  d r o u g h t  o r  t o  l o w  t e m p e -
r a t u r e s  d o e s  n o t  r e q u i r e  a  p h y t o t r o n ;  i t  c a n  b e  d o n e  i n  m u c h  s i m p l e r  i n s t a l l a t i o n s  
H o w e v e r ,  t h e  s t r e s s  r e s i s t a n c e  o f  t h e  p l a n t  d e p e n d s  n o t  o n l y  o n  i t s  c o n d i t i o n  a t  
a  g i v e n  m o m e n t ,  b u t  c h a n g e s  w i t h  d e v e l o p m e n t  a n d  m a y  b e  i n f l u e n c e d  b y  i t s  p a s t  
e n v i r o n m e n t a l  ' e x p e r i e n c e : A  p l a n t  i s  m u c h  l e s s  f r o s t  r e s i s t a n t  w h e n  i t  i s  i n  a n  
a c t i v e  s t a t e  o f  g r o w t h  t h a n  w h e n  i t  i s  i n  a  r e d u c e d  s t a t e  o f  g r o w t h  o r  c o m p l e t e  
d o r m a n c y . A n d  a  p l a n t  w h i c h  w a s  r a i s e d  u n d e r  o n e  s e t  o f  t e m p e r a t u r e  a n d  p h o t o -
p e r i o d  c o n d i t i o n s  m a y  r e s p o n d  t o  l o w  o r  h i g h  t e m p e r a t u r e s  d i f f e r e n t l y  f r o m  o n e  
r a i s e d  u n d e r  a n o t h e r  s e t . I n  o r d e r  t o  s t u d y  r e s p o n s e s  t o  f r e e z i n g ,  d r o u g h t ,  e t c  .  w e  
t h u s  n e e d  n o t  o n l y  f a c i l i t i e s  f o r  t h e s e  p a r t i c u l a r  t r e a t m e n t s  b u t  a l s o  f a c i l i t i e s  t o  
c o n t r o l  t h e  g r o w t h  o f  p l a n t s  i n  a  r e p r o d u c i b l e  m a n n e r  a n d  t o  k n o w  t h e i r  e x a c t  
' e n v i r o n m e n t a l  h i s t o r y ' - i n  o t h e r  w o r d s ,  h e r e  w e  m a y  r e a l l y  n e e d  a  p h y t o t r o n  a n d  
n o t h i n g  l e s s . I  w a s  q u i t e  i m p r e s s e d  w h e n  I  r e c e n t l y  h a d  a n  o p p o r t u n i t y  o f  v i s i t i n g  
S o v i e t  R u s s i a  t o  s e e  h o w  m u c h  c a r e  a n d  t h o u g h t ,  a n d  s p a c e  a n d  f a c i l i t i e s  t h e y  
h a v e  p u t  i n t o  w o r k  o f  t h i s  k i n d . I t  s e e m s  t o  m e  t h a t  b e c a u s e  t h e y  h a v e  t h i s  c o m -
b i n a t i o n  o f  ' o r d i n a r y ' c o n t r o l l e d  f a c i l i t i e s  a n d  a t  t h e  s a m e  t i m e ,  e . g . ,  h u g e  r o o m s  
i n  w h i c h  t h e y  c a n  e x p o s e  a  w h o l e  l i t t l e  c h e r r y  t r e e  t o  t e m p e r a t u r e s  o f ,  I  b e l i e v e  
a l m o s t  l i q u i d  n i t r o g e n ,  t h e y  c a n  m a k e  q u i t e  i n t e r e s t i n g  c o n t r i b u t i o n s  t o  f r o s t  
i n j u r y  a n d  r e s i s t a n c e ,  a n d  s i m i l a r  p r o b l e m s " .  

 


