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.Su;Immary. 'T'lhc -ffect of 0. oni the CO. exchange of (letaclle(l leaves ot corli (Zca
ways) wlleat (Triticitmn -,u/gare), oats (Ar'eiia sativa)., barley (Hor(iciiii vidgarc),
tinmothy (Ph/cor)n pratcnsc ) anld cat-tail (T'I'phla anigstifoli(a) was m1leasuired witlh a Clarl-k
oxvgeni electro(le an(l inifrared carbon dioxide analysers in both open aiid closed systenis.

Corn leaves did niot pro(luce CO., in the light at anly 0., conicelntration, as was show-ni
by the zero CO., compensation point anid the absenice of a CO., burst in the first minute of
darkness. The rate of photosynithesis was inhibited by 02 anlI the inihibition was not
completely reversible. On the other haiid the stead) rate of respiration after a few\
minutes in the dark wNas niot affected bv 0._

These results wer-e interpreted as inidicating the albsence of allv measurable resl)iration
during photosynthesis. Twelve (liffereint varieties of cornl studied all responded to O.,
in the same way.

Tihe other 5 imonocotyledonis studied did produce CO., in the light. AIoreover. the CO2,
compensation l)oint inicreased linearly with 02 in(licatinig a stimulation of photorespirationl.

The imiplications of the lack of photorespiration in studies of primary productivity
are discussed.

I n previous communications fromii this laboratory
it was show-ni that lpart of the inhibition of apparent
photosynthesis by O., in tobacco and(I soybean leaves
was duie to a stimulation of photorespiration which
(liffere(l fromii dark respiration (1 3. 6). Hoever,
ini addition to stimlulating plhotorespiration, 0., also
had a seconid effect, which w-as attributed to a (lirect
inihibitioni of p)hotosynlthesis.

This seconid effect cani be sttilie(1 (firectlv iM a
plant wlhich does nlot produce CO.. in thle light (i.e.
-hicil lias n1o Ilhotorespiration '). Corln is suich a

plailt sinice, in air, younig corin leaves lack both a

llleasural)le CO., co.llpelnsationi point all( a Illeasur-
ale CO., blirst i.e. tile iniitial Iligil rate of CO., pro-
dtictioni during the first minute of (larkiless following-
a light period (2, 6). 'T'his mllealls tilat eitlier tilere is
110 CO., produced by leaxves of this species ill the
light, or the CO., prodiuce(l is re-utilized before it can
escape ilitO the atillosphere. If this latter explaliatioil
is correct, then ilicreasing the 02 coIlcenltratioll from
1 to 100 % would ilncrease tile rate of CO., produc-
tion in the light anid decrease the rate of photosyn-
thesis, as showil ill the prece(ling paper for soybeall
(1). This should result in ani increased CO.2 com-
pelnsatioll poinit aidl ail ilicrease ill the illagniitilde of

1 The fiilalicial sul)port for this wsork camIle froli the
Nationlal Researclh Council of Caniada.

2 Present address: WVaite Agricultural Researclh Inisti-
tute, Private -Mail Bag No. 1, Glen Osmond, S. Australia.

3 Present address: Department of Biological Sciences,
Siimon Fraser University, Blurlabv, B. C.

the CO., buirst (assuling that tliis llurt represelits
the oversioot of photorespiratioll in the (lark).

Oni the otiler liild, if the first exlplanatioll is triie
(i.e. that tilere is 110 CO., produtced in tile liglit). nio
illerease in tile CO., comllIenlsation point would lbe o0-
served even with ilncreasilng O., colncelntratioln. If tiis
is true, ainv effects of 02 onl tile gas exchianige in tile
light cani be attribuited to a direct effect o11 photosyll-
thesis.

The preselit investigation was (lesignie(l to allsxver
this questioil by stuliyvilig the effect of O. Oil the CO..
excllalige ill several varieties o(f corll anl(l al)o in a
iltmb)er of othler species of iollocotvledonls.

Materials and Methods

Cori. Twx-elve varieties of ZcO mniavs L. w-ere
used: Co 170; Co 171; Co 172; Co 173; Co 109: Co
106; Co 52; CAIS 106; WVr2 G(; \W..G; Goldleni Ball-
tami: Golden Sutinshline.

Seeds were soaked over niggilt in aerated tap
water alnd tilen plainted in pots of verilliculite. T'he
plants were gronwl in a growth chalmber as described
in the preceding paper for soybean (1). Leaves
were used 2 weeks froml the date of plalitiIlig.

Othler lfoocotWledois. Seeds of barlev, Hor-
denmi vitlgare L.. wvheat, Tritic 1lIn z7n/lgare 1.. oats.
AvCmi saltiva L.. anid tiil v,th. Plileni,,l pr Itcinse L..
Nere soaked overilight in aerated tap water aldi tien
planted in pots of vermiculite. Plalits N-ere grown ill
a greelihotuse ai(l watered daily wvith tap water.
Leaves ntse(l for the exl)erilmlelnts w-ere (letaclle(l frol
plalits 3 to 4 wA-eeks- fromii the date of plalntilln.
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Cat-tail, Typha aungutstifolia L., rhizomes with
shoots 15 to 20 cm long were dug on May 12, 1963,
from a marshy area on the shore of the St. Lawrence
River. These were transferred to the greenhouse
and potted in soil which was kept wet. Leaves were
used 10 days after transplanting.

Two methods were used to measure CO, ex-
change. A closed system apparatus, incorporating a
Beckman Infrared CO, analyser (IRCA) and a
Clark oxygen electrode, was used to determine CO9
compensation points an(d the CO, burst. An open
system, which included a second IRCA, was used to
determine the steady rates of CO, absorption in the
light and production in the dark. These 2 systems
are described in detail in the preceding paper (1).

Experimental Results

Experimenit 1. The object of this experiment
was to study the CO2 exchange of corn leaves (var.
Golden Bantam) at various 02 and CO2 concentra-
tions and at various light intensities.

Three samples, eacih consisting of 12 leaves (total
fr wt of each sample approximately 4 g), were
studied separately. The procedure was the same as
that outlined for soybean in the previous paper (1).
For the open systemii measurements, the average CO2
concentration of the gas stream entering the plant
chamtber for samples 1 and 2 was 281 ppm, and for
sample 3 was 135 ppm.

CO, Comipenisation PoinLt. The CO., compensation
points were determined in the closed system at each
of several O., concentrations varying between 1 and
100 % (2 Figure 1 shows a typical tracing ob-
tained from one such measuremenit. When the light
was tturned on, the CO2 concentrationi in the system
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FIG. 1. A typical tracing from a CO. compensation
point determination of detached corn leaves. Graph to
be read from right to left.

was reduced to zero. When the light was turned off,
there wvas no CO, produced for at least 1 minute,
after which time the concentration increased steadily
until the light was turned on again. Similar tracings
were obtained at all 0 concentrations studied. Thus,
the CO, compensation point for corn leaves was zero
even at 100 % 09.

CO2 Burst. Figure 2 shows the rates of CO.,
production for leaf sample 3 during the first 5 min-
utes of darkness following 10-minute light periods at
1000 ft-c and at 1, 21, or 100 % 02. There was no
CO9 produced for the first few seconds at any O0,
concentration. The duration of this period in which
there was no CO., production varied inversely with
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FI(.. 2. Effect of 0., on the CO., burst in detached
corn leaves after 10 minutes of previous illumination at
1000 ft-c and at 1, 21, or 100 % O._

02 concentration: 60 seconds at 100 %, 80 seconds at
21 % and 100 seconds at 1 % O.,. After these time
periods, the rate of CO2 production gradually in-
creased to a more or less steady value at 300 seconids.
The final rates obtained after 300 seconds in the dark
were about the same at 21 and 100 % 02 but some-
what lower at 1 %. Thus, there was no CO.2 burst
immiiediately after the light was turned off.

Photosynithcsis anid Respiratioit. Since there was
neither a CO., comlpensation point nor a CO., burst
even at 100 % 2.,, it is conicltuded that leaves of this
variety of corni (lo nlot produce CO., ill the light.
Photosylnthesis, theni, canl be stutdie(d without the comii-
plication of photorespiration.

Figutre 3 shows the effect of O, onl the steady
rate of photosynthesis at 600 anld 1000 ft-c, anld also
on the steady rate of respiration in the (lark. Dark
resspiration was not atffected 1b O,, but photosynthesis
w%as in.hibited. h'l'e points are numbered in chrono-
logica-lI order. 'T'lie rate of photosynthesis obtained
iniitially at 21 % 0, (point 1) was always higher than
the rate obtained at 21 % (0 after high 02 treat-
ments (point II). Therefore, the inhibition was only
partially reversible. Similar results were obtained
for samples 2 and 3. Thus, under the conditions of
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Table I. Effect of 0, on the CO, Compensation° Poinits
of .5 Species of ilonocotledonis
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lFi(;. 3. Effect of O., onl the CO., exclhange inldetachied
corin leaves. Points are numbered in chronological order.

Species
Wheat
Oats
Timothy
Barley
Cat-tail
Corn

(a)
Slope of linear"

regressioni

1.78
1.50
1.57
1.77
1.69
0

' y - ax + b where y CO.
(ppmll), x - O., concentration
b y intercept.

(b)
CO., compensation
po:.nt at zero 0,

0.3
4.
2.1
3.6
8.8
0

compensation pjoint
(%), a = slope,

soyb)eai (1) . 'I'he linear regressionis for these poinits
are shown in table 1.

Values which were less thani 5 ppm were not
siginificantly (lifferent fromii zero. Thus, the graphs
for all species except cat-tail extrapolated to zero at
zero 0,. The somewhat higher value obtaiined with
cat-tail at 1 % 0., probal)ly reflects the hig,her per-
centage of nongreeIn tisstues in the leaves of this
species.

In conclusioni, the lack of photorespiratioin seenms
to be an attribute of the species, Zea mnays, whereas
all other species of monocotyledonis sttuldied possess a
mechanism for photorespiratioll which resembles that
of soybean and tobacco in its response to ()..

this exl)eriment', corn leaves lack photorespiration.
an(l photosyllthesis per se is inhibited Iy 0..

I~xperiiuient 2. It was showvn in experilet 1 thlat
photoresl)iration is absent frolmi 2-week-old corni
leaves of the variety Goldeni Bantamii. The obiect of
exl)eriment 2 wvas to (leteruline NNhetlher this lack of
plhotoresl)iration is restricte(l to the variety Golden
lBanitamii, is characteristic of the species, Zea mnavs,
or of nionocotyle(lonis in general. This was done by
sttudying the effect of 02, on the CO., compensation
poinlts of 12 (lifferelnt varieties of corni anid of 5 other
species of imioniocotyledons: wheat, oats, barely, timo-
thy. anid cat-tail.

Samples of experimiielital miiaterial, each of sev-
eral conmparable leaves, vere )lacedl in the closed sys-
teml anltl subjected to a 10-minute light. 10-mlinute
(lark cycle at each of several successive O., conceii-
trationis ranging fromil 1 to 100 %. The first and the
last cycle was always at 21 % O., in order to clhe, k
whether the leaves were responding the samile wax at
the begiinning as at the end(1 of a ruln. Light intensity
was a]ways 1000 ft-c.

Vxor all 1 2 varieties of corni anid at all 0., conicen
tirationis stu(ilied, tracings simililar to that showil ini
figure 1 were obtained. TI'herefore, all 12 varieties
teste(l lack a nmechanisml for photorespirationi.

For each of the other 5 species of monocotyledons.
the CO, compensation point increased linearly with
0., as was found previously for tobacco (6) and

Discussion

It was shown previously that the depressinLg effect
of 02 oIn the apparenit photosynthesis in leaves of
tob)acco anid sovbeanl has 2 components. One was
due to a stimulation. of photorespiration; the other
wvas assumed, to be a (lirect inhibition of photosvn-
thesis (1, 6).

In experimenit 1, plhotorespirationi was shoxvn to
be absent fronm 2-week-old corn leaves. 'T'his meanit
that photosynthesis in these leaves could be stu(lie(l
directly without the complication of photorespiration.
WVhen this was dcone, photosynthesis per se vas showni
to be inhibited by 02. H-lowever, this inhlibition was
only partially reversible within the timile limiiits of the
experiment. T'he reason for this irreversibility is Inot
known7 but it mav be the result of a photooxidation.

I'he close relationship between the CO., burst aii(l
photoresl)iration was stuggested 1b the similarity of
the effects of 02 and lighit intensity on these 2
phenomena in tobacco anid soybean (1, 3, 4, So),
and by the absence of bothi a CO. bhirst andI p)hoto-
respirationi in younig corn leaves at 21 % 0., (4).
This close relationship was strengihtenied by the re-
su,lts of experiment 1. Here, it was shownii that
young corn leaves lacked both a CO., burst and a
CO, compensation point over a wide range of 02,
concentrations. This also lends support to the hypo-
thesis that dark respiration is inhibited in the light.
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The absence of photorespiration seems to be a
unique characteristic of Zea nmays. As shown in ex-
periment 2, all varieties of corn tested lacked photo-
respiration, whereas all of the other species of mono-
cotyledons studied were similar to tobacco and soy-
bean. There are 2 reports that sugarcane is similar
to corni in that it also lacks a CO., compensation
point (Constance E. llartt and Israel Zelitch, per-
sonal commuinications).

It is interesting to note that both corn and sugar-
cane are extremely high yield crop plants, and to
spectulate that the explanation of this high prodluc-
tivity may rest in the characteristic lack of photo-
respiration by these 2 species. That photorespiration
(or its absence) might affect the magnitude of primi-
ary productivitv is demonstrated in table II. Thts.

Futrther information about the effect of 0., oln
photosynthesis could be obtained by comparinig the
14C02-labeling patterns of the products of l)hot-
synthesis in leaves of corni and soybeani. The resuilts
of suich anl investigation will be reported elsewhere.
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Table II. A Comizparisont of the Primiiary Productivity
of Corn and Soybeant

Data derived for corn from experiment 1 of this paper
and for soybean from, the preceding paper (1). Net car-
bon gained in 24 lhours if the light intensity were 1000 ft-c
for 16 hours (,ug c/g fr wt).
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