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ABSTRACT 

Although a great deal of research has been carried  

o�t on the e ffe c t s  of water s tress on  plant processes , the  

influence of  environmental c ondi t i ons on plant response to  

wat e r  s t ress has rece ive d comparatively l ittle attention . 

In this  s tudy the rates o f  co2 exchange and transpiration 

and the leaf wat e r  s tatus o f  whole soybeen plants (Glyc i ne 

max ( L . ) Merr . c v .  Meri t )  were measured  under contrasting 

se ts  o f  environmental c ondi t i ons when 

( a ) the plants were maintained under cond i t ions o f  

adequate  s oil  water  supply . 

( b ) wat e r  s tress was impose d by wi thholding wat er and, 

( c ) when wat e r  stress was imposed  and then reli eved 

by rewatering .  

Light intens i ty and quality , atmospheric  co2 c oncantrati on , 

wind  speed  and daylength were all c ons tant ; the between­

treatme nt  variables  were air  temperature and vapour pressure 

defi c i t  ( VPD ). P lant s  were grown under one of four environ­

mental t reatments  in a growth cabinet  and the experiments 

carried out under very s imilar c ondit i ons in a plant chambe r  

w i th fac i l i t ies  for measuring co2 exchange and transpi rati on .  

Deta i ls o f  this e quipment are give n .  



Under  c ondi ti ons of adequa te soil  wa te r  suppl y ra te s  

o f  pho tosyn thesis  were l ower under low VPD than under h i gh 

VPD c ondi ti o ns a t  the same tempera ture . The e f fe c t  was 

p articularly marked at low temperature  (22.5°C). Be tween­

tre a tment di fferenc es in  pho tosyn the tic rate appeared to 

be mainly a ttributable to di fference s  i n  the magni tude o f  

the mesophy ll r e s i s tanc e to co2 trans fer . Transpira ti on 

ra te s  were large ly deter mined by the VPD , plants under high 

VPD tre atments having the higher rate s .  A t  l o w  VPD 

temperature had l i ttle e ffec t  on the rate of tran spira ti on , 

but a t  high VPD plants under low tempera ture had l cwer rate s  

of  transpirati on than plan ts under high temperature (27.5°C). 

Poss ible  mechanisms whereby low temperatures may reduce 

transpirati on u nder condi tions of high  VPD are discusse d .  

When wa te r  s tre ss was imposed  the ra tes of  pho tosynth e s i s  

and transpir ation declined  in  parall e l  under a l l  tre atmen t s  a t  

s o i l  moisture tens ions i n  excess  o f  0.2 a tm.  This sugges te d  

tha t  b o th plan t processes were sub j e c t  to a common c ontrol l i ng 

mechanism , probably s toma tal di ffusi on resistance .  A t  s o i l  

moi s ture tensi ons be low 0.2 a tm .  the rates  o f  pho t osynthe s i s  

and tr �nspirati on were independent o f  the s o i l  moi s ture 

s ta tus . Be twee n  0.2 and 0.4 a tm .  tensi on they appeare d  to be 

de te rmine d by plant, soil  and a tmosphe ri c  fac tors . The relati ve 

ra te s  of  photosynthesis  and transpira ti on were reduc e d  to a 



g r e a t e r  e x t en t  a t  any ten s i on be t w e en 0.2 an d Oo4 a t m.un der  

h i gh VPD than und er low VPD c ond i t i ons . Above 0.4 atm . s o i l  

m o i s t ur e  ten s i on t he rate s  o f  photvsyn the s i s  an1 t ran s p i ra t i on 

b e c ame indep en den t o f  the a t mosph e r i c  c on d i t i ons and i t  i6 

sug ge s t e d  tha t(transpirati on was l i m i t e d  c h i e fly by t h e  r a t e  

o f  m ovement o f  water in t o  t h e  r o o t  zone fr o� the surr oun d ing 

s oil .) (Phot osyn t h e si s  may have been l i m i ted by dir e c t  e f f e c t s  

o f  d e hy dra t i on on the b i ochemi cal compon ents of the pr o c e s s  

a t  t h e se s e v e r e  s tr e s s  l e ve l s .; I t  was thus possibl e  t o  

dis t inguish thr e e  s tage s i n  the devel opment o f  wat er s tr e s s , 

t h e  si gn i fi c an c e  and pos s i b l e  gen eral appl i c a t i on o f  wh i c h  

a r e  d i sc usse d .  

Und er h i gh t e mpera t ur e/ high VPD � on d i t ions the r a t e s  of 

ph o t osyn t h e s i s  an d tran spira t i on r e c over e d  s i mul tan e ou s ly and 

to a very s i m ilar e xt en t  when str e s s  was r e l i e ve d  by rewatering , 

t h e  d e gr e e  o f  r e c overy b e i�g invers e ly propor t i onal t o  the  s o iJ 

m o i s t ur e  tens i on a t  the t i me vf rewaterin g .  P ossible c au s es o f  

t h e  failure o f  the rat e s  o f  photosyn the s i s  and transpira t i on 

t o  r e c over  t o  t he i r  original pre s tr e sse d values are d i s c u s s e d .  

Thes e  r e su l t s  are d i s cuss e d  in r e l a t i on to the fin d ings 

of o ther workers, and sugges t i ons f or fur ther res ear c h  in t h i s  

fi eld made . 
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