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Abstract       The paper presents the results of the researches carried out in 
assessing the influence of CO2 content and the active photosynthetic 
radiation for the basic processes (photosynthesis, perspiration and 
transpiration).  The measurements were carried out with the foliar gas 
analyser CIRAS 2 and physiological and the physiological processes were 
tested in standard conditions ( CO2= 360 ppm ) as well as in an artificial 
atmosphere enriched in CO2 ( CO2=700 ppm ) using an artificial source of 
CO2 , while the PAR has been varied from 0 to 2000 μmolm

-2s-1
 using an LCD 

lamp.  
The measurements highlighted that both CO2 concentration and PAR have a 
great influence upon the physiological processes considered. The response 
curves for the two parameters were drawn and the saturation points were also 
figured out. It was demonstrated that a CO2 high content atmosphere might 
have beneficial influence on the plant physiological process, bringing about 
higher photosynthesis rates. The same effect was also pinpointed  for the light 
intensity, which also produces significant higher photosynthesis rates.   
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The climate change processes and the general concern 

about global worming and CO2 balance at global scale 

put a high emphasis on studying the trees capacity to 

cope to produce an effective negative feed-back to the 

global worming process, with all its consequences: 

higher CO2   concentrations and higher temperature.  

Having a better knowledge on the physiological 

process carried out by plants is important for assessing 

the health condition and environmental requirements of 

forest species [1]. Quantifying these process is 

essential because the measured parameters might be 

involved in vital processes, further needed to be 

assessed for setting up appropriate silvicultural 

measured needed for trees and stands development [6]. 

Platanus hybrida is an important species for 

ornamental merits as well as for its resistance to air 

pollution in urban areas, which makes this species 

quite important for urban forestry and amenities [2,3]. 

 

Materials and Method 
The research method is non-destructive, since the 

leaves were not detached from the plant; a foliar gas 

analyser was used (CIRAS 2) which was able to 

measure at the same time different physiological 

parameters, such as: photosynthesis rate (PN), 

expressed in μmol·m
-2

s
-1

; perspiration rate (PR), 

measured in mmolm
-2

s
-1

) ; stomatal conductance (SC) 

measured in mmol·m
-2

s
-1

]); sub-atomic CO2 

concentration (Ci) measured in ppm, and active 

photosynthetic active radiation (APR) expressed in 

μmol·m
-2

s
-1 

. 

The measurements were carried out in semi-controlled 

conditions for normal concentration of CO2 (360 ppm) 

and double concentration (CO2=700 ppm), while and 

PAR raging from 0 to 2000μmol·m
-2

s
-1

. 

The measured parameters were automatically recorded 

in a compatible Excel file for each measurement. The 

input data were converted into an excel file. The 

measurement time period was set up according to the 

adaptation period (5-7 minutes) tested in the 

assimilation chamber [4,5]. The measurements 

referring to the gas exchange produced at leaf level 

were carried out under normal humidity into the soil.
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Results and Discussions 

 
The gas exchanges were assessed during the root-

genesis process, 6 months later after planting the 

shoots. Based on the measured carried out it was 

further possible to encompass the influence played by 

the two controlled factors over the physiological 

processes. The results are presented in Figure 2 and 

Figure 3.  

Under normal conditions of CO2 concentration and 

variable light exposure ( Figure 2) the photosynthetic 

rate grows up along with PAR, and the compensation  

threshold is overcome at APR higher than 70 μmol·m
-

2
s

-1 
; further, up to PAR = 800 μmol·m

-2
s

-1 
 , the PN has 

a linear growth ( PR = 8,64 μmol·m
-2

s
-1

), while the 

APR increment is slower after this value; actually, at 

APR = 2000 μmol·m
-2

s
-1

 the PR is 11,77 μmol·m
-2

s
-1. 

The more light is available for the plant, the less 

stomatal conductance was registered, up to 400 

μmol·m
-2

s
-1

 APR; after this threshold the stomatal 

conductance goes up, due to a higher perspiration rate. 

As for the CO2 within the stomatal chambers, it has 

high concentrations at low intensity light, having a 

steep downward tendency up to APR of 200 μmol·m
-2

s
-

1
, when it reached zero 

value. 

Doubling the CO2 in an assimilation chamber, under 

variable light conditions, some alteration were 

recorded as for the dynamics of physiological 

processes. Doing so, the photosynthesis overcomes the 

compensation threshold at lower light intensities and 

grows up along with the light intensity. At CO2 

concentrations higher than 800 μmol·m
-2

s
-1  

both 

photosynthesis and respiration are more active.  

Perspiration doesn’t grow constantly as it did in the 

prior case (CO2 = 360 ppm; now it initially falls a little 

while the light intensity goes up to APR = 600 μmol·m
-

2
s

-1
, but after that it grows slowly. As for the stomatal 

conductance it goes down up to APR = 800 μmol·m
-2

s
-

1 
, but keeps on going after that minimum, along with 

the light intensity.  

As for the CO2 content in the sub-stomatal chambers, it 

has high peaks at low light intensities, then it goes 

down sharply up to 600 μmol·m
-2

s
-1

 APR, when it 

simply disappears from these chambers. When the light 

intensity goes up, the stomatal conductance mimics the 

same pattern as the photosynthesis does.

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 The CIRAS 2 foliar gas analyzer used for assessing different physiological processes 

0

100

200

300

400

500

600

0

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

P
R
, 
E
V
A
P
, 
S
C

Active Photosynthetic Ra diation

Photosynthesis rate (x100)

Evapo-perspiration

Stomatal conductance

Sub-atomic CO2

 
Fig. 2 Dynamics of gas exchange at Platanus hibryda, 

under normal atmospheric conditions (CO2 = 360 ppm),  

under variable APR 
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These two tests demonstrate how important are the 

roles played by light intensity and the CO2 

atmospheric concentration  for the plant physiological 

processes. 

Between the two factors there is a strong 

interconnection: having one of the two factors 

diminished to some extent, the other can compensate 

this shortage; one factor may be lacking, the other one 

cannot compensate it and the photosynthesis rate is 

negative. The compensation thresholds are reached 

according to the magnitude of altering the external 

factors. In addition to that, some internal mechanisms 

that intervene in physiological processes when one 

factor is not sufficient or, on the contrary, it exceeds 

the normal balance and put at risk the physiological 

processes by changing the amount of water or CO2 that 

enters the leaves through stomatas. At higher rate of 

photosynthesis is being observed and this is an 

important issue related to the capacity of capture the 

CO2.  

Assessing the ratio between the photosynthesis rate and 

perspiration, which is an important and integrated 

physiological indicator, it was demonstrated the 

efficiency of water on Platanus shoots growth and 

development. A good water supply for shoots assures 

the leaves turgescence during the whole day.   
 

 

 

Conclusions 

 
Trough analysing the physiological parameters it was 

possible to figure out the factors that affect the shoots 

growth. Six months after having installed the shoots 

into the ground it is possible to have a higher 

photosynthesis rate, providing an adequate water 

regime. These physiological parameters indicate the 

species temper and provide information about the 

conditions to be provided in order to have a high 

percentage of rooting and further development.  

A higher CO2 concentration as well as a higher 

intensity of light bring about a higher photosynthesis 

while the stomatal conductance decreases; these 

combination of effects is beneficial for the efficiency 

of water consumption through a lower perspiration, 

which is even more favourable when the new roots 

cannot satisfy the water loss produced by perspiration.  
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Fig. 3 Dynamics of main parameters describing the foliar gas 

exchange under normal CO2 content 


