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ABSTRACT

A field experiment was conducted during i 2003 to study the ef fect of elevated levels of (O, and PAR on
intercellular @O, concentration (C), net photosynthetic rate and their interrelationship in maize and safflower at
different growth stages. The highest concentration of intercellular (O, was recorded at 1200 and 1400 hrs and
lowest concentration of intercellular (O, was found during early hours in the morning (08 00 hours) irrespective
of levels of QO, and PZAR at all the stages of maize and sunflower.The higher rate of net photosynthetic rate was
abserved in active vegetative stage (11.7 to 49.1 pmol CO, cm? sec?) compared to knee high and flowering stages
of maize and during late vegetative stage (21.6 to 47.2 umol CO, cm? sec?) in safflower compared to early
veget ative and flowering st age. The optimum levels of CO, and PAR for maize were 650pmol CO, mol™ and 960 pmol
m ? s* respectively and for saf flower were 650pmol CO, mol™and 1100 pmol m*s™ respectively. A combination of
650 pmol CO, mol™ and 960 pmol m*s™ of PAR for maize and 650 pmol CO, mol™ and 1100 pmol m*s™ of PAR for
saf flower were found optimum levels. A positive correlation between the intercellular (O, concentration and net

photosynthetic rate in maize and safflower was found throughout the crop growth period.
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Green plants need CO, to grow and a higher
concentration of atmospheric CO, will stimulate the
photosynthetic process, pramoting plant growth and
agriaultural productivity without increasing the water davand
for crop transpiration (Goudriaan and Unsworth, 1980). On
the other hand, expected clinatic warming may have adverse
effects o agriailtre, partly off setting the positive direct
C O, effects. Mxkls predict that the gldoal tenperature will
rise by doort 1-3.5°C by the year 2100.

In gereral, the dhance in crop yields depends not anly
on the change in rainfall but also change in CO,
aoncantration, PAR and tenperature. Uhile increase in the
rainfall and concentration of O, geerally lead to an
increase in yield, the impact of an increase in taperature is
gererally regative in tropics. Thus, it is necessary to
ascertain whether the inpact of increased rainfall and QO
will overocare the inpact of increased tenperature.
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Plant shoot responses to elevated O, are well
docurented. Previcus work has shown that high GO, often
changes plant water use ef ficiency, net photosyrthesis,
biamss production and yield (Carlson and Bazzaz, 1980;
Rogers and Dahlman, 1993; Amthor, 199%). In gxeral, uxkr
elevated CO,, whole plat rutrient uptake and rutrient
urilizarion efficiency decline ®ogers ecal ., 1994, 1997) . When
other ewviramental resources are presat in adequate lewels,
CO, can ertance photosyrthesis of C, plat ower a wice
rance of concarntrations.

Several studies have been mece in glasshouses, control
enviromental chanbers and geen fields on the short and
long term effects of elevated atmospheric O, concertration
(Ca) on native and cultivated plants seecies (Devakumar
ard Jacdo, 1997 ; Drake ecdl. ,1997; Jacd edl. , 2001; Iong e
d., 2004; Norboy etdl. , 1999) . Leaf dtosynthetic rate divectly
respands to changes in intercellular O, concartration (C)
(Jacb ecal. ,19%) . Ingereral, C, plant shows more response
than C, and CAM plants.

Studies on relationship between light intensity and
pPhotosynthetic rate in rose plant suggests that 1200- 2000
foot cardles light intensity waes a light saturation rance for
most plants and O, saturation rarge for nost plants is 500-
1000 ppm while the arbient QO, level being 350 gan in the
atmosphere. The leaves of shaded tamato plants show a
higrer stamtal conductance and higher intercellular @O,
concentration (Xianzhaoliu et al., 2002). Therefore, the
present study was conducted with the dojective to quantify
the effect of diumal variation of amrogderic ard elevated
levels of Carbondi-oxide (Q0,) and Photosynthetically
Active Radiation (PAR) on intercellular (0, concertration
ard rate of photosynthesis in C, (maize cov. Panchagandga)
and C, (&t flower cv. Phule kusura) crops.

M ATERIALS AND METHODS

The experiment was conducted at College of
Agriculture, Pue during rabi 2003 season in maize cv.
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Panchganga (a C,crop) ard saf flower cv. Phule Kusume (a
C, crop). Net photosynthetic rate @), atmospheric GO,
concentration, intercellular GO, (C)) concentration,
photosynthetically active radiation were measured using
portable photosynthesis systaman goen system (LI- 6400,
LI-0R, Linoln) at two haurly intervals viz. 0800, 1000, 1200,
1400, 1600 hours IST. The measurements were taken at
differert levels of @, cncatrations (amosgreric level,
550, 650 pmol CO, mol™) adPAR (atmospheric, 800, 1100
pmol m?® s'). The doservations were taken after the
instrurents had been anfigured and calibrated. The amalyzer
pup and fans were turmed on and O, ard relative humidity
dharels are pt in the display . The chanmber was clamped
a a leaf similar to those to be measured. Until the relative
hmidity is steady at adbient value, the flow is adjusted and
the dhanber was clanped on to the third fully cgpered leaf
fran the tip. After waiting for an gooropriate interval, log
button was pressed on the aonsole; when a steady GO, draw
down is doserved.

In order to suply elevated lewvels of @O, in sice te
leaf charber, OO, cartridges (12 g) filled with (O, fittedto
the 00, tarnk, encarpasses injector system (6400-01) which
arsists of an eledironic axtraller . Using GO, injectar system
a constant @O, irput viz. 550/650 pmol @O, mol * wes passed
to the leaf dharker.The CO, is aatrolled by delivering a
precisely aotrolled pure (O, stresm into air thet is O, fee.
Four minutes was allowed for 0O, mixing. The 6400-02 IED
light source which is totally integrated with the hardware
and software of the ILI-6400 system was used to sugely
df ferat lerls of PAR. The IED light source is installed by
replacing the ygeer half of the standard IT-6400 leaf chatter,
vhich are used for meking measurements at atmosphere PAR.
Then using the standard leaf chaner,PAR is measured in
the charber near the leaf plare using the miniature gallium
arsenice phosphide (GaAsP) sansor . The external anbient
Photosynthetically Active Radiation was measured with an

cptional LIGCR quantum sensor located autsice the chanber.

Inoaning air was not scrideed for water vepour. Before
meking each measurament, Infra Red Gas Analysers (IRGAS)
were matched.

RESULTS AND DISCUSSION
Diurmal variation of intercellular GO, concentration (C))

Two harrly variatians of intercellular @, ancatration
of maize ard sunflower are presented in the Figs. 1 & 3.
Increased supply of CO, and light improved the CO,
aaoatration in inter cellular scaces of leaf cells at all the
three stages of maize growth. The highest intercellular @,
concentration (220.66 ol @, mol ) was recorded at 1400
hrs. After 1400 hrs, intercellular O, axcertration started
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ceclining. The lowest (O, concentration was doserved at
0800 hrs. Increasing external (0, supply caused increase in
C O, concerttration ard higher (O, concartration (215.55 pol
CO, ml™) as doserved in 550 pmol QO, mol * carpared to
650 pmol CO, mol™ and atmospheric Q0, Additional suply
of light aarpared to natural level has given increased O,
aocEntration in the intercellular seaces differantially in a
day .2t the begimning of the day (0800 hrs) when the natural
PAR were 1060.5, 159.7 and 196.2 ol m? st ,during knee—
high, active vegetative and flowering stages reseectively,
increased levels of light viz., 800 and 1100 prols m? s* hed
increased (O, concentration. Bat as the day progresses,
even with ratural suply of light higher intercellular @,
concartration was doserved at all the growth stages. 1100
mmol m? s* level of light hed resulted in higrer intercel lular
C O, concentration of 170.4 pmol @O, mol * and 162.31 1mol
C O, mol * during knee-high and flowering stages carpared
to 800 umol m?s™ . The gotimm level of QO, for maize was
550 pmol CO2 mol™ ard PAR was 960 pmol m*s?® ada
carbination of 650pmol CO, mol™ and 960 pmol m*s™ of
PAR is found to ke optimum.

Similar effect of elevated @, lewels hes also seen in
intercellular O, axncetration in saf flower . The highest
intercel lular GO, concentration (232.04 ol QO, mol ) was
recorded at 1400 hrs., thereafter intercellular O,
ancentration  started declining as inneize. The lowest O,
concentration (208.47 pmol @, mol?) was doserved at 0800
hrs carpared to 1000 to 1600 hrs. Increased CO, suply of
650 pmol CO, mol™ recorcded higher intercellular @O,
concentration (234.75 pmol CO? mol™) corpared to
atmospheric G0, and 550 pmol CO,mol™ . Though supply of
light favours increased irtercellular O, aoncertration at 0800
hrs., it failed to inprove the irtercellular GO, concentration
beyond 0800 hrs. due to the higher natural PAR as the day
progresses. The intercellular @O, concentration at 0800 hrs.
was lower at all the growth stages of safflower carpared to
1000 to 1600 hrs. The cptimum level of (O, for safflower vas
650 pmol CO, mol™* and PAR was 1100 pmol m?s* and a
corbination of 650umol CO, mol™* and 1100 pmol m*s' of
PAR is fourd to be cptimm.

Diumal variation of net photosynthetic rate at different
levels of @O, and PAR

Tre ef fects of elevated levels of O, ad PAR on net
photosyrthetic rate of maize and safflower are depicted in
Figs. 2 & 4. Tre elevated lewvels of O, suply and PAR
enhanced the net photosynthetic rate of maize. The net
photosynthetic rate was higher (33.89 yrol GO, an® sc™)n
650 pmol CO,mol™ campared to atmospheric (O, and 550
pmol CO,mol™. Zisa ecdl. (1999 also foud increased
photosynthetic carbon fixation in C, species as the



RAJAVEL ed

Knee-high stage Active vegetative stage
300 300
g 2250 —4-NC 82250 ——-NC
=20 =20
g —A—550C gl —A—550C
S=10 S=180
E § 100 —%—650C E ;100 —X%—650C
=85 N 225 N
- o —o—800L - o —o—800L
800 1000 1200 1400 1600 —+—1100L 800 1000 1200 1400 1600 —+—1100L
Hours Hours
F|0W9Tiﬂg stage Intercellular CO2 concentration of maize
c
2
250 &
~ g
osM P g
o2 S
== —4—550C S
S O
= 210 —%—650C B
oo =l
> S 50 =N T
| A— oL
800 1000 1200 1400 1600 —+1100L
Hours
‘n Knee-high O Active Vegetative @ Flow ering ‘

[Val. 12, No. 1

Fig.l: Ff fect of elevated levels of @, adPAR on intercellular @, concentration (ol @, mol *) in maize

Fig.2: Mean ret photosynthetic rate (ol (O, an? s=?) as influenced by @,and PAR  in maize

Knee-high stage Active vegetative stag
250 260
24 || 2
@ 240
=3 —4—550C =
z 2 —%—650C 2
210 N =0
2l -0 || =)
= 800 1000 1200 1400 60 |—=uoo) = 800 1000 200 1400
Hours Hours
Flowering stage Net photosynthe
240 g
° o
=30 - NC T
e sl | &
= e
@ —%—650C s
S o
=l N 3
2l . |~e—s00L
= 800 1000 1200 1400 1600 |—+—1100
Hours
@ Knee-high O Act




Jure 2010] Ef fect of O, ad PAR on photosynthesis in maize and saf flower

Fig.3: Ef fect of elevated levels of @, ad PAR on intercellular @, concentration (umol @, nol 1) insf flower
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Fig.4: Mean net photosynthetic rate (ol O, an® sc?) as influenced by QO, and PAR in saf flower
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atmospheric GO, auoertration rises, under moderate to hich
light regimes. Increasing the sypely of PAR from 800 and
1100 pmol m? s* has increased the net photosyrthetic rate
with varigble ef fects in a day .At the begiming of the day at
0800 hrs increased levels of PAR viz., 800 and 1100 pmol m”
25! has increased ret photosynthetic rate at flowering stage
anly but at kneehich ard active vegetative stage, rafural
supely of PAR itself recorded highest net photosynthetic
=e. As the day progresses, even with natural sugply of
PAR higher rate of net photosynthetic rate was doserved.
Extermal sypply of 1100 ol m? s* level of ligt hes recorded
higher net photosynthetic rate carpared to 800 pmol m? st .
Assimilation of GO, dgpends an the photo flux incident uem
the cangoy ard its dosorption by leaves in different layers
ad an the ef ficiency of comersion of assimilate (Lawlor,
2000) .

Tre higher rate of net photosynthetic rate was doserved
in knee-hich stage of maize caypared to active vegetative
ard flowering stages. The lower photosynthetic rate during
later stages of argp growth is dee to ageing of leaf ard ceclire
in photosynthetic ef ficiency. Similar relationship between
rate of leaf area develgarent ard rate of hotosynthetic rate
was reported earlier by Miranoto ecal. (1988).

Similar effect in saffloser also noticed de to elevated
levels of @, and light. Sugply of 650 pol O, mol * have
recorced highest net hotosynthetic rate than atmoscheric
and 550 pmol CO, mol * . In the moming at 0800 hrs, increassd
lewels of PAR viz., 800 and 1100 imol m? s* have increased
the net photosynthetic rate of safflower even at late
vegetative (32.9 and 36.7 pmol GO, an® s regectively at
800 and 1100 ol m? s ard flowering stages (30.0 ard 34.3
pmol CO, an® s respectively at 800 and 1100 ol m? s* .
However, as the day progresses, ret dhotosynthetic rate of
st florer at elevated levels of PAR is lesser than atmmoscheric
PAR. The highest rate of net photosynthetic rate is doserved
during early vegetative stage and beyond which
photosynthetic rate declines. At all the stages, net
photosynthetic rate was highest bettween 1000 to 1400 hrs.

irregpective of the growth stages.

Ef fect of elevated levels of O, and PAR on ratio of C /C

Tncreased supply of @O, (550 and 650 mol CO, mol ™)
and PAR (800 and 1100 imol m*s') erhanced the ratio of C/
C_ at all the stages of maize. Increased ratio of C /L ves
doserved with increased (O, concentration of 550 pmol GO,
mol™ (0.55) and 650 pmol GO, mol™* (0.57) carpared to
atmospheric CO,. The highest ratio of C, £ wes noticed at
1200 hrs (0.60) and 1400 hrs (0.60) inmeize ard thereafter the
ratio was declined. The ratio of C /C_ ves lowst (0.39) at
0800 hrs. Additional sugely of PAR carpared to natural PA R
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has given increased ratio of Ci/Caj_n early hars (0.%4) at
0800hrs in the moming at flowering stage. The retio of C /AC,
was higher with atmospheric PAR at knee- high (0.59) ard
active veoetative (0.%4) staces irdicating the sufficiency of
ratural PAR. At 1000, 1200 and 1400 hrs, the ratio of C AC
was highest in atmospheric PAR in carparison with 800 and
1100 mol m? gt . Similar resomnse is roticed in safflawer also.

Increased (O, concentration of 650 pmol CO, mol * have
resulted in increased ratio of Cl/Ca (0.62) campared to
atmospheric €O, and 550 pmol CO, mol* . Treratioof C/C
vas lonest at 0800 hrs. at all the growth staces of saf flower .
The highest ratio of C, £ wes noticed at 1400 hrs. (0.63),

trerafter, ratioof C /C, started declining. Additional sugply
of PAR carpared to natural PAR has given increased ratio
of Ci/Ca early hours (0800hrs) in the moming at late
veetarive (0.52) and flowering (0.53) stace. While at early
vegetative stages ratio of C /C_ (0.59) was higher in
atmospheric PAR. At 1000, 1200 and 1400 hrs, the ratio of C./
C_ was higrest in abmosgheric PAR in carparison with 800
and 1100 mol m? s . The conductance of the leaf surface ard
the rate of photosyrthesis determine the concentration of
CO, in tre irtercellular spaces. O, axncartrabion at cell
surface is the effective suply of @, which the assimilating
cells experience within the leaf. The (O, concertration of
the intercellular spaces deperds on the gearetry of the
mesaohyll air spaces (Lawlor, 2000).

Inter relationship between net photosynthetic rate and
intercellular GO, concentration

The flux of (O, fram the cell surface to Ribisoo,
axsists of a serdes of  ‘“resistanoes’ in the liquid dhases of
the cell wall, cell menbrare, cystol, chlorcolast menbranes
and stam to the enzyme active site. The rate of O,
assimilation is ret a lirear fuction of C, ar of the adtivity of
Ribisao, but readhes a plateau at higher rate of the net
photosynthesis, which may be explained by a ‘draw— down’
of CO, at the adtive site at hich gotosyrttesis, even if C B
Foe (lawlor, 2001). Eleafct:rd,ctan:etotkeﬂuxoftheCO2
is sare 30% below that of the intercellular space under
nommal atmospheric conditions (Van caemmerer and Evans,
1991) . Tre carboxylation efficiency (ol C O, assimilation
m?s*Pa?) may ke calaulated fram the slgpe of the relation
between A and C, wen A is zero. Cardookylative ef ficiercy is
related to metabolisy, with C, plants havirg sweller efficiency
than C, plants, and it deperds an the amout of Ribisco in
the tissue, for exaple nitrogen deficiency decreases both
Ribisco avourt and activity also efficiency in C, and C,
plats. In the presat exeeriment, a significant positive
correlation exists between the intercellular O, aoncertration
ard ret dhotosynthetic rate. The linear relationship doserved
is firmished in Tadle 1.
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Tadle 1: Correlation coef ficient, regression eqation for j.rﬂ:eme].hﬂar(l()—zoanoermt_im <C1)

*Sionificat at 1% leel
CONCLUSION

% Diumal variation of irtercellular @O, concentration
irdicated thet the highest intercellular @, concartration
was recorded during 1200 hrs in meize (220.66 prol O,
mol?)  and 1400 hrs. in safflower (232.04 pmol (O, mol *)
uncer natural condition.

f) Atmospheric PAR supply of 960 pmol m? s' recorded
highest intercellular @, concentration in maize (205.44

pmol CO, mol™) and external supply of 1100 ol m* s°

' lewl of PAR recorded highest intercellular O,
concentration in safflower (228.45 pmol O, mol )

i) External supply of 550 pmol CO, mol™ hes resulted in
highest irtercellular @, concarttration inmedze (215.55
pmol CO, mol?) and 650 pmol QO, mol * hes resulted in
higrest intercellular @, concentration (234.75 ol O,
mol?) in sf flower .

(® The cptimum level of CO, for higher ret ghotosyrthesis
of maize was 650 pmol O, mol™ andPAR was 960 jmol
#s' ad for sef flower was 650 pmol CO, mol *,PAR of

1100 pmol m*s'.A combination of 650umol QO, mol™*
and 960 1ol m® s* of PAR for maize and 650 pmol CO,
mol® ad 1100 pmol m? s* of PAR were found to be

cptimm levels.

) Tncreased supply of 650 pmol QO, mol™ enhanced the
ratio of C, £ at all the stages of meize (0.57) ad
sunflower (0.62) .

td) Intercellular GO, concerntration and net photosyrthetic
rate is positively ard significantly correlated.

f4l) The results of the study would help to utilize rapral
resources ard also to tackle prablem related to glamal
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ad et gotosynthetic rate @)

** Sionificat at 5% leel

warming under increased green house gases.
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