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In ta r ra o tr ia l  plants, photosynthesis and rasplratlon ar* detarsined 

■oat conveniently by —aaurwant of carbon dloalda exchange. The noat 

accurate and sensitive technique of Measuring C02 oonoantratlon l a  a ir  la 

Infra-red absorption. Infra-red gas analysers have bean doaerlbed in detail 

In  several places, e .g . Huber (1958)* Such instruments, which require a 

power supply, can d etec t u iffw nees in  COg concentration of the order of 

one part par million and can be used in  the laboratory or in the f ie ld .

A. Meararrewrite of C0„ Exchange Under Controlled Conditions
.................................................. " - I  * *  ■■ ■ '  ..................... ... - ............................. ..

Mee bu t  enact s  of th is kind are valuable to study the precise effect 

of one or nore external or Internal factors on photosynthatle o r respiratory 

ra ta s . Bud: masurenonts here been aade by many workers, —nog then Plsek, 

Winkler and Larcher in  th e ir  determinations o f photoeynthetlc capacity 

(” Assircila tionsrurato^en as reported by Winkler In th is 8ympoeli»,

1 Baaed In part on research flnanoad by Rational Science Foundation Grant lo.

13971 and an work carried  out at Brookheven Rational Laboratory under the

auspices of the U. 8 . Atosd: Energy Coasdsslon.
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Open. c lo se d . and nixed l y i t w i

The chamber* used f o r  mss mir  ament of 00? exchange eon bo port o f  

open, cloned or nixed systama. In  on open system o i r  lo  ponoed over the 

p lea t o t a cone to s t  flow r e t e ,  through tho an a ly se r, end roloonod. the 

product o f flow ro te  by tho d iffe ren c e  in  the C02 concen tra tion  of the a i r  

before and a f te r  poo sing through tho chaeber gives th o  ro te  o f CO,, exchange 

of the enclosed m ateria l.

I n  a cloaed aystea , o i r  in  rec ircu la ted  in  on enclosed volume 

including th e  chamber end the sampling tube of the  a n a ly se r . The ro te  o f 

change o f  COg concentration w ith in  the a ir t ig h t  aysten  l a  a oeaaure of the  

in te n t! ty  o f  CO  ̂ exchange by th e  enclosed n o to r ia l.

*he several advantage* o f  open over closed ay a tec. a ore th a t:

1 . The plant n o to r ia l  lo  exposed tc  a r e la t iv e ly  constant CC? 

conoentret'.on, equal on the average to  the nean of th e  C0„ concentrations 

of laoonln«{ and outgoing a i r .  The l a t t e r  can be c o n tro lle r  by nanlpulationa 

of flow rr  to .  In  a elooad system the 00„ concentration varies oontlnuoualy 

and, bece tse o f  tha e ffec t o f t h i s  varia tion  os pho to syn thesis , i t  i s  

necessary to  make tha neasurenents w ithin a sna il range o f  concentration 

often s e t  a t  *100 o f the neon value  (Decker 19^7)•

2 . In the open system th e  p lan t m aterial i s  u su a lly  exposed to  

a constant r e la t iv e  hunldlty which can be con tro lle d  by hydrating or de

hydrating Incoming air* In  the closed  aysten, r e la t iv e  h u rl <11 ty  increases 

as a r e s u l t  o f  tran sp ira tio n  and may In te rfe re  with CG? ana ly sis  by pro

ducing n s ig n a l  in  the d e te c to r , s ince  water vepor shares part of i t s  

ln f-e-red  absorp tion  spectrum w ith 00,,.
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)•  T w p i i i t i r i  w t i i l  l a  more eas ily  i ^ l m l  l a  apaa s/ataaa 

• •p a d a l ly  a t  a c t r a a  values.

t .  on ly  a »—pis  a f  a i r  naode to  be passed th w o ^ i  tha analyser 

tuba ao th a t  a )  looks l a  tha system o ra  a e t aa s r l t l a o l  oa l a  eleeed ays-

5. Ofaa s y i t—  lo o t thanmalvsc to  tha uoa a f  a  f lo a la c  r efsa aaec 

la  ahlah tha  refOrenoe tuba of tha an a ly se r la  f i l i a l  v i th  a  f l o a t y  sample 

a f  laooadas a i r ,  vhloh allowa high o r  s e n s i t iv i ty .

2 . flow  ra ta  oaatro l la  a o t  e r l t l a a l  sheroaa I t  l a  s s s s a tlo l  la

3* A ir ve locity  oaa ha Imp res s ed to  say value, vhloh nay ba uaa- 

fu l la  studying th a  a ffa e t a f  wind oa  00^ exchange.

Mixed systems have soon o f  th a  advantages, and d isadvantages, of 

open sad closed  system s. Meat o f th o  a i r  la  rec ircu la ted  v h lle  a  small 

frac tion  la  c o n s tan tly  renewed. One such elaborate system loused a t  tha 

"KUaablologl aches T srsuchsanstslt” a t  M teoharhefal, near I nnsbruck, 

A ustria.

Tha choice of the eystem t o  use must ba guided by th a  purpose of 

the In v e s tig a tio n .

U ah t Sourcoa

A number o f l ig h t eouroee have been used fo r n a m i i  amaiila under 

controlled co n d itio n s: laoandaaaant b u lb s , fliaoraaeaot ta b e s ,  mereury
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manta and ^ i i j f c g i .  »& • l a p  gives a fa ir ly  m all-distributed tp M tn a  M i 

l i* » t  lB toM ltiM  af <mr 190,000 lux are e a s ily  obtained with tka 1700— U

1»p»rt«ay> « f w p rw r iH  l l ^ i t  <juantitiss l a  u n ite  o f  v is ib le  m n j r .  A 

eeapurlM * bs t wsaa t t t  w w r p  n l u t i  yar lux of w l o u i  i.n—only used l l # t  

aauroes w u t o b y  O u . t r .  (1959). *• found th a t  th a  o u te r  o f « V  » ’ 2  

e e c '1 y a r  lax  varied anong th a u  f n a  8.17  to  4.23* Baoauaa of th la  v a r ia tio n  

and baaonos o f dlffaranoaa l a  and salon spectra I t  l a  o ftaa  d if f ic u l t  t o  ana- 

para photosynthetic  r a ta ,  e h ta l aad by d iffe ren t au th o r* . Zt night ba d a a lr -  

ahla t o  hot* a l l  vor ht r o l a  th la  f la ld  agree to  uaa tha  m m  type o f lM p  

or a t  l a a a t  to  axpraas l ig h t  In  energy units.

Chesters are node to  f i t  tha plant or p lan t part to ba Investigated, 

they eon ba vary slwplc I f  noeeurananta are nada a t  room tcnpereture and i f  

rigorous ts epar ators control la  not zMcaasary. When the la tte r  la c r i t i c a l .

I t  oaa ba aehlavad by using "Plexiglas” ehanbers f i t te d  vlth upper and lower 

Jackets In  eblch tha c ircu la tion  of vater or coolant la  eontrollad by a 

relay activated by a t nspara t iua sensing devise placed In tha ehanber. Vlth 

alcohol-water mixtures as coolant a tampers tore o f 0% a t a ligh t In ten sity  

In excess of 80,000 lux can ba maintained easily . A layer of running en te r  

several on deep la usually placed betwssn tha loop and tha ahaaber bo s e t  

as a hea t f i l t e r .  Temperature control oaa also ba affected by including in
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a closed systea tha cooling co ils  of a —  II a ir  conditioner.

tha positioning of tha Leaf and to  tha pat tarn of a i r  a o n a a it .  

gunjdlty control
»

Rtaddlty control can ha achieved by tufebilag tha a ir  through 

oolunns o f water or mixtures a f  aulphurlo ad d  and water.

Control o f tha 00, oonoaotra tlo a

002 ooaeantratloa can ha adjusted by nixing OOg-fTna supply 

a ir  with pure or dllutad C0? . Bar oaaoaatratlona aubataatlally  abera nonaal 

i t  la  aaoaaaary to  uaa a flowing rafaranca In ordar to  maintain high sensi

tiv ity . In  thin faahlon good a a n d tlr l ty  can ba Obtalnad at aaaaantratlona 

up to  0.2# C0p.

Attached varaua excised braaebaa or laavaa

Tha effect of M n rlo g  of brand or laaf on tha photosynthotlc 

rata la  the object of con trove m y . Clark (195M found that there uaa no 

change in  the photoaynthatic ra te s  of epruee branches fo r abuut 90 dnu taa  

afte r c u ttin g . We arrived a t tha  sane conclusion with regard to abort 

shoots o f spruce, hemlock, and pines. Pleek and Winkler (1958) and Larehar 

(i960) found that they could v a lid ly  measure photoaynthatic capacity 

(HA*sldl*tloQsvaruogenH) on cu t twigs as long as tha water defic it raaelned 

— 11. Koch and Keller (1961) observed decreases In photoaynthatic rata 

afte r cu ttin g  of poplar laavaa under water, and Increases after cutting in  

a i r .  They concluded that out laavaa should not ba used for ecological in 

vestigations. Brun (1961) found tha t interrupting the vascular aupply to
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ayntheais. Mortimer ( 1959) i t a M  th a t tlie  n t M  of s s a ln i la t la n  by fresh ly  

pool—d U m *  o f b v l a y ,  been, oebbege, o o t to i ,  g m a l a ,  r n g i r  b o o t, n d  

t  obsess w r«  o ^ i l n l n t  to  those of leaves s t i l l  attached to  tb s  p la n t. 

Cursory O u m tlO M  so boss sods on axel sod sp o ils  fascic le*  o f  " l a s  

r ig id * , n sista inod  l a  a  acdst atnosphoro , ln d le s to  th a t stosdy r o ta s  of 

photosynthesis p r r r o i l  fo r  as long as ana hour. After th a t t i n s  ra te s  

decline  s te a d ily , probably as a re s u lt  o f  Tartar la s s .

Whenever fe a s ib le  so use a ttached  la sse s  or breaches, th e  pa t i d e s  

o r  bases of which a r t  sad through s lo ts  1s one o f  the c ssfcar  s a i l s .  Coro

has to  b t exercised i s  oealisg  to  avoid looks sad flees go to  p la n t  tia a u a .
*

Induction period

As Clark (195*0 >ad others have observed photo sy n th e tic  r a te s  nay 

no t r each a steady le v e l  fo r  several n ia u te s  (15 l a  Pices Abies) a f t e r  

1 lined nation bee s ta r te d .  To avoid th is  e f f e c t ,  which la  prasuawbly due 

t o  induction plhan— n o as n a i l  as to  s tc sss ta l nos m an ta , so ro u tin e ly  expose 

th e  p lan t to  a l ig h t  source o in lla r  to  th a t  seed la  the measurements fo r 

a t  le a s t  1/2 hour b e fo re  these aassnranante e re  node.

C a lib ra tion  at the  l a f m -rs d  analyser

The Boat oooseolaBt procedure fo r  c a llb ra tlo a  of the a n a ly se r 

co n s is ts  la  using a s e t  o f standard M ixtures o f C0g In n itrogen . The in 

strument can also  bo e a lib ra te d  by in je c tin g  bacea mount* of gaoeous C02 

in to  a d o sed  system by  neaae o f o hypodermic springs o r by p lac in g  in sid e  

th e  syvtan a known w eight o f dry ic e , o r by generating CC2 from a  carbonate 

so lu tio n . Release o f  known mounts o f 00g can a lso  be used to  Measure 

accu ra te ly  the volume o f  a cl osed system.
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Combination ot  in fra -red  ta d  c 1* t x t o i a w i

baa b aas devised by L is te r ,  Kretkor and Raison (1961). I t  eonalota o f  a 

eloaad ayatan In vhlah th a  concent ra tio n  o f t o t a l  OOg la  aaa lt arad w ith an 

In f ra - re d  gas analyser and th a t  o f C^O j with a Oal|Mr aouBtar. Rhea th a  

OOg compensation point la  reached In  l l ^ i t  tha eontlnuad daeraaaa l a  

a p a o lf le  a c tiv i ty  of C^Og l a  tha ayatan la  an In d ica tio n  of tha n aw at 

o f COg ralaaaad  by tha t i s s u e ,  l . a .  l ig h t r e s p i ra t io n ,  shlah aon bo o e r-  

parad w ith dark re a p !ra tio n , n eaear ed by lnaraaaa l a  to ta l  00fi ooaeantra- 

t lo n  l a  tha ayatan*

B. H o ld  Maaavaraaanta

Llaa currant l a  th a  noat convenient and ra l la b la  poaar  aouroa  

fo r f l a l d  naaauraaonta w ith th a  ln fra -rad  gaa a n a ly se r , although p o rtab le  

ganara to ra  and ba tta rlao  c a r  ba uaad. Moaauranonta o f OOg exchange l a  

tha  f l a l d  can be nada i s  t v j  way a: by enclosing th a  p lan t n o ta r ia l  l a  a

chanbar o r by d e ta n ln ia g  ooneantratloa  g rad ien ts above tha p lan t eonrtr.

Hesaurenanta v lth  chambers

Flald  naaaurananta o f  COg exchange a ra  poaalb la  using opon o r  

eloaad systans aad.ehanbara a ln d la r  to  thosa uead In  th a  laboratory .

Chanbers ara u su a lly  anda o f a tran spa rent  n o ta r ia l of a shape 

and a la a  su ited  to  tha typo o f  p lan t being In v e s tig a te d . two d lf f lc u l t lo a  

e x is t  1 f i r s t  tha tnaperetune Inside tha uhaafcar lworeaaaa grea tly  

e a p a c la lly  In  f u l l  sun ligh t because o f long-nave ra d ia tio n  trapping.

The sec ond la  th a t re la tiv e  bun ld lty  builds up I n a l  da tha nhnrtiai end
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eventually water ooadeasea on the m i le  thereby reducing l ig h t  trm nanlsslaa. 

These d i f f ic u l t ie s  can be ever areas l a  two ways. The f l r a t  I s  to  here the 

iiliatheia a i r  swarti tlo aed  ae la  the very  ingenious devises b u i l t  by Boelaa 

(1959) • The o th e r ayyr ee ah la  to  a m  a i r  through the phaaber a t  eoeh a 

ra te  th e t heetlag  l a  redueed to  a wild— a , re la tiv e  hualdfty  dose ea t In- . 

creese tod coodeaeatlaa le  avoided. A ctm+ta a l ae auat be r es ab ed bet uses 

the d e s ira b ili ty  o f  having high flow r a t a  to  forwent excessive hosting  

sad the neoeselty  o f  obtaining e aes  sura h  In  d if fe re n t ia l  l a  CO^ coa ssntr e -  

tlo o . ' i

A technique of th is  kind has bean used by Tranquillize!. (1959) 

uho sneloaa* ta lc s  o f  pines ead other c o n ife rs  in  sn a il c y lin d r ic a l  ohaalbers.

A aew type o f ohaabsr fo r  outdoor use has been devised by Ieage 

( repor t  given a t  th e  Innsbruck International Byapoelun of f r e e  fhyslo logy, 

l i f t  Mb sr  19^1 )• Made fo r etaglo leaves I t  i s  f i t te d  d t h  a l i d  ehlch nan 

be close!  or o p a e t  by roaote cont r o l ,  fb e  l id  i s  Maintained l a  the  down 

position  Just lone enough to  obtain e s teady  r eeding o f 60^ exchange ead 

than l i f t e d .  This preven ts heetlag  and l a c r e u e  l a  re la tiv e  b u a ld lty  o f 

the s i r .

Ve have attem pted te  derlee an eutonatle Multiple p o in t system 

to  Meeure 00g exchange o f tho le  branches o f  pine tre e s  In ea oak-pine 

forest subjected t o  chronic gaana i r r a d ia t io n  a t  H eath  even R ational 

Laboratory, Long I s la n d ,  Pew York. A d e sc rip tio n  of th is  aywton fellow s.

The oh abb a re  (Fig. l )  are aede o f  0.006 Inch polyvinyl ehlortde 

f i l s .  This le  e d o o r ,  t o o # ,  p liab le  n o to r ia l  th a t has a w a l l e r  beet 

trapping e ffe c t than  g lass  o r "P lex ig las ."  fbe  chenbers ere rae taag u la r



in cross-M otion sad of a s i as oul table to enclose s pins branch. D U n- 

slons vary but ass iyjdaal : hasher nay bs 50 cat x b5 caa In saetloo and 

60 sb long. The upper part la  stretched on a flra ii  o f "Flsxlgles” and 

Kind toss r> U , shares* the lower half ha^s l oses ly . Ons of tha — 11 

sides la  open whereas tha other consists of a p lsta  o f "Plexiglas" per

forated a t  l ta  canter to acooa— data a 25 cm length o f 5 cat disaster 

"Plexiglas" tubing at the renote and of which a sq u irre l sags type blower 

Is attached. Inside the chamber a t , m trm  tha I n le t  plate there is  a 

paralle l perforated plate serving as a baffle to insure even distribution 

of a ir  through tha chanter. tha branch la  introduced in to  tha ahib a r  

fros the opposite side, tha ohaetbar is  attached to  a pole in such a 

fashion as to leers the branch in  as nearly natural a position aa possible. 

Ctusaber and pole tend to avny in  tha wind in tha ism fashion as branch 

and tree  do. A skirt of thinner f i le  extending tha oh enter la loosely 

tied around tha base of the branch.

Air la swplsd a t two places, one near tha in le t  of tha blower, 

tha other in  a plana nornal to  th« direction of a i r  flow and corresponding 

to tha Junction between tha chanter proper and the s k i r t .  Tha a ir  co llec t

ing device in  that plana conslete of two perforated butyrate tubas running 

diagonally acip-s the cheater and eoerected together. Themoeouple Junctions 

are placed along the branch and read sutonstlsally. Insta lla tion  of lig h t 

sensing devices is  planned.

Flow j . tas of tha order of several hundred l i t e r s  par nlnute can 

be obtained, flow adjustment i s  achieved by varying tha voltage supply to  

tha blower or by using blorara of various oapaeltlaa. Flow rata is  determined
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by measuring a ir  v e lo c ity  la  ths tub* bttvMC blower and chaster by a aaas 

o f  a thermqfr nsawseter. V elocity readings cay t e  converted to flow  rotas  

using values obtained by calibration with a largo capacity ftotaam ter-type  

flow  actar. Using those flew rates It has been possible, at le a s t  through 

the winter, to lla d t the Increase In toaperature In fu ll sunlight t o  t-5  

degrees centigrade, and to  pre raet condensation.

Determination o f  00? d ifferen tia l la  made on samples o f  a ir  drawn 

from the two sampling points s t  a rate of 5 to  7 l ite r s  per minute by means 

o f  a diaphragm pump and directed to the gaa analyser, Rjr using a 12-palnt 

"Oelnan" sequential valve (F ig. 2) 6 chambers with 12 sampling poin ts can 

be operated simultaneously . A timer with a 5-minute cycle controls sthe 

sequential valve so th at on* s a i l in g  ser ies  i s  completed in one hour.

the 5-«ilnut« cycle Is  su ffic ie n t to hanolo a sample originating from the
«

moot distent point to  the analyser (1J0 a ) .

The air stream la  dehydrated by peaeage over "Drlorlte" (Ca80^) 

prior to entering the analyser. The la tter  l e  connected to a Leeds and 

Korthrup recording potentiometer with adjustable aero and adjustable rang* 

so that any aortlan o f  the analyser rang* can be erpandeo over the width 

o f  the str ip  ihart. R eliab le measurements o f differences in CCL concentra

tio n  of the order o f 1 ppm can thus be Obtained, \dtloh makes i t  passib le  

to  operate s t  high flow r a te s . Another recording Instrument provides date 

on taarperatur# amfc.ddgh*4mdenaM|jta the chambers (Fig. 3). Total so lar  

radiation i s  measured by a recording pyrrhelicomter located In an open area 

d oes to the trees being Investigated.

This apparatus would also land i t a e l f  to  determination o f  trans

p iration  by measuring the relative  tumidity o f the air samples with an
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•iw. It m b  tlao  to «a*d la — — I f  rvsplrarticn I j r  tra i t o a .  Wmt lids 

s ssprnt of tto itai is lo—sly wpf  d la  • plut&a i l s n t  sat dr is



by Moots!tfc and B a t i n  (i960) nA  by Lamm (i960) « m  a g r ic u ltu ra l  t ro y i. 

I t  tec  apparantly no t b M  appilad to  fo ro o t stands.

C. Oonclua! qaa

Z afra-m d gas analyala p rrr ld a s  tb a  s e a t  rapid and accu ra te  

nathod of asa ju rlng  COg sxchanga by t a n r s a t r t a l  plant* l a  tba f lo ld  or 

in  tba labora to ry , Tba aa la  drawback* a r t  tba  aoaaaalty of a paaa r  aupply 

and tba bulb and co a t o f tba aqulpawnt. A oaapaet, aaally  poartabla analyaar 

a&th raduead paaar  rsqu iranao t would ba a rtra n a ly  uaaful.

NaaauraaMnta o f COg sxehaaps a ra  aapaelally  valuable In  p roY ld l^  

rap id  M tlaatM  o f p roductiv ity  of acosyatcnu. fhay arc alao  u aafu l la  

a tu d y l^  tba l a iy o n a  o f plants to  a n rlro — an ta l and fana tic  f a c to r s ,  a r

to  various oulturaJL
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P1 /cJtrm Legends

tig. 1 . A ah— hCT used for f i e ld  n n u m i n t  o f  p lan t COg-ernhon#*. A ir , 

su p p lied  by the blower a t  re  t e e  up to  severa l hundred l i t e r *  per 

■ ln u te , peases over the brenefi end I s — pled e t  th e  open, exhaust 

end o f  the abeober. Dm  arrow designates on* o f  th e te e  — pHng 

tu b e s . Input a ir  1* s— p led  through the tube a d ja cen t to  tbe 

b low er.

P ig . 2 . The 1 2 -p o in t sequential sen*l in g  valve end 5-sd.m rte-ayole clock  

aou n te i for f ie ld  u se .

P ig . 3. In fra -red  gas nnelyeer end a u x ilia ry  equipment mounted for f ie ld  

u se . P erl able tra n sit— are  con tro l blower v a ltm g es. Recorder on 

the l e f t  records am lyeer  e lg n s l ;  an the r ig h t , thermocouple s ig n a ls  

from /I  th in  and without ch— h ere .
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