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Abstraet. Net photosynthet ic  (P~) and  dark respiration (RD) rate,  s tomatal  (r,') and internal 
(r~') resistances to carbon dioxide were measured by  gas exchange methods on leaves of dif- 
ferent ages, expressed in leaf plastochron index units  (LPI) for a fast growing poplar eul t ivar  
Unal  2. Although the optimal leaf ago differs slightly for the different gas exchange parameters,  
leaf ontogeny is reflected in the same way in these different parameters.  Maximal P.v and  minimal 
r ;  and r~' values were found a t  LPI  between 6 and 10. Chlorophyll concentrations were lowest ab 
LPI  lower' t han  l0 a l though an  increase in two steps was found, when leaf age increases up to 
matur i ty .  

Additional index words: Populus deltoides S. 9 - 2 •  nigra cv. Ghoy; photosynthesis;  dark 
respiration; s tomatal  resistance; internal  resistance. 

The developmental stage of a leaf has an important impact on its gas ex- 
change processes and characteristics (FREELAND 1952). Many investigators 
have found that the gas exchange rates of young leaves tend to increase with 
increasing leaf age, attain an optimum and then decline when senescing 
(CATsK~ etal. 1976, DICKMANN 1971a, MALKINA 1976, V)~CLAVIK 1975). 

In the present communication, the influence of leaf age on net photo- 
synthesis, -PN, dark respiration, RD, stomatal, rs' and internal, r~' resistance 
to carbon dioxide and chlorophyll content of poplar leaves was studied in 
order to describe their changes during leaf on*ogeny and to determine the 
functionally optimal leaf age for the cultivar studied. 

M A T E R I A L  A N D  M E T H O D S  

Cuttings of poplar plants (Populus cv. Unal 2 -~ P. deltoides S. 9-2 • P. 
nigra cv. Ghoy) were grown under glasshouse conditions at 20 ~ and 50 % 
relative air humidity before they were transferred to a controlled environ- 
ment chamber with a 12 h photoperiod, day/night air temperatures of 
22.5/19.0 ~ and day/night relative air humidity of 80/70 %. Photon flux 
density was around 260 ~einstein m-2 s-1 (400 to 700 nm). The plants were 
watered well and they were given a modified ttoagland nutrient solution 
twice a week. 
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The leaf plastochron index, LPI was determined by measuring the lamina 
length of the leaves at regular intervals (ERIcXSON and MICHELINI 1957, 
LARSON and ISEBRA~DS 1971). A lamina length of 20 mm was chosen as 
reference length. 

The gas exchange measurements were performed on single leaves of dif- 
ferent leaf ages expressed as LPI-units, from very young (LPI 1) up to old 
leaves (LPI 4- 24). During the gas exchange measurements the leaf was ex- 
posed in a ventilated, Peltier cooled assimilation chamber (Siemens Sirigor 
cuvette, described by KOCH et al. 1968) to a saturating photon flux density 
of 800 to 1000 ~einstein m-~ s -~ supplied by three sodium lamps. Net photo- 
synthetic C02 uptake and transpiration rates were measured as carbon 
dioxide and water vapour fluxes in an open system using a UI~OR infrared 
gas analyser (Maihak) and LiC1 sensors. Air temperature in the cuvette 
during the experiments was 25.0 ~ relative air humidity 77 %, wind 
velocity 1.6 m s -1 and carbon dioxide concentration of the incoming air 
386 4- 23 ~l 1-1. Leaf temperatures were recorded with three chromel -- 
alumel thermocouple junctions pressed to the abaxial side of the leaf. Leaf 
area was measured with a Lambda-area meter (LiCor). 

Stomatal and internal resistances to CO2 were calculated according to 
GAASTRA (1959) and GALE and POLJAKOFF-MAYBER (1968). 

Chlorophyll content was determined by spectrophotometry while chloro- 
phyll a and b concentrations were calculated according to McKInlEY (1941). 

R E S U L T S  AND D I S C U S S I O N  

Net carbon dioxide uptake rate shows a typical pattern influenced by the 
developmental stage of the leaves, having an initial increase with leaf 
expansion up to an optimal leaf age at which P~ is maximal (DICKMANN 
1971a, V~,CLAViK 1975). When further senescing, carbon dioxide uptake rate 
decreases and this decline can be fast ( D I c ~ A ~  et al. 1975) or slow (~ATSK~ 
et al. 1976, VACLAViK 1975). The optimal leaf age for the poplar cultivar 
studied here (Fig. 1) was between LPI 6 and 10. For other poplar cultivars 
optimal leaf ages were found between 5 to 12 (CEvL]~M-~NS unpublished data). 
DICKMANN and GORDON (1975), working with 14CO~ found maximal PN at 
LPI 4 to 5 for t)opulus • euramericana. In our experiments maximal p~T co- 
incides with the moment at which the leaf reaches maximal leaf length, as 
measured during the PI and LPI determinations. In contrast with/)~r dark 
respiration continually decreases with increasing leaf age (Fig. 2). For young 
leaves this decline is very steep, but levels off from a certain leaf age (from 
LPI 6 on for poplar cv. Unal 2) (CATsK~ et al. 1976, DICI4MANN et al. 1975, 
MALI~INA 1976). DICKMANN and GORDON (1975) and GJERSTAD (1975) found 
with very old poplar leaves (LPI over 40) again a marked increase in RD. 

Since foliar senescence influences PN which in turn is determined by 
stomatal and internal resistances, r /  and/or r,' must be also dependent 
upon leaf age (CATSK~ et al. 1976, MALKINA 1976, TICH-~ and ~ATSX~ 1977). 
The LPI at which r / a n d  rl' attain minimal values (Fig. 3) coincides with the 
optimal LPI for PN (Fig. 1) namely between LPI 6 and 10. Internal resistance 
to C02 is always higher than stomatal resistance (15 compared to 3 s cm-1), 
as found already by many investigators (EL-SHARKAWY and I-I~Sx~T~ 1965, 
MALKI~A 1976). An equation of the form Y ---- A -~ BX ~- CX 2 was fitted 
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Fig. 1. Net photosynthetic rate (PN) as amount of CO2 absorbed by one leaf surface, at 25 ~ 
during leaf ontogenesis of poplar eultivar Unal 2. 
Fig. 2. Dark respiration rate (RD) during leaf ontogenesis of poplar eultivar Unal 2. Fitted curve 
significant at 0.001. 
Fig. 3. Stomatal (r / )  and internal (r~') resistances to carbon dioxide during leaf ontogenesis for 
poplar cultivar Unal 2. Curve fittings are significant at 0.01. 
Fig. 4. Chlorophyll a and chlorophyll b concentrations during leaf ontogenesis of leaves of poplar 
~ultivar Unal 2. Chlorophyll contents are expressed per unit leaf area. 

through the two sets of points in Fig. 3. Both fittings are significant at the 
0.01 level. 

Since there is no photosynthesis, no captation of solar energy and trans- 
formation into chemical energy without chlorophyll a or related pigments 
(~.STXK 1977), the determination of chlorophyll content with leaf age was 
an essential part of this study. Generally during leaf ontogenesis, chlorophyll 
accumulates up to some maximum level and afterwards the rate of degra- 
dation processes overtakes the rate of synthetic processes�9 These changes are 
also refle@ed in the rate of chlorophyll a and chlorophyll b synthesis (LEwA~T- 
])OWSKX and JAavrs 1977, ~ESTAX 1977). The age of the leaf tissues deter- 
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mines the rate of chlorophyll accumulation and according to ~ESTXX (1977) 
is also the main factor responsible for its distribution. The rate of increase in 
chlorophyll a and b is usually more rapid than the rate of decrease, especially 
in the leaves formed in the later phases of plant ontogenesis whose life spans 
are longer (DmK~XN~ 1971b, LEWANDOWSKA and JARVIS 1977, MALKINA 
1976, SESTXK 1977 i. For our poplar cultivar an increase in two steps was 
found (Fig. 4). A first plateau was reached at the optimal LPI (here at LPI 
around 8), while a second was found around LPI 12. When the leaf is young, 
the complete photosynthetic apparatus has to be built up: fully developed 
chloroplast lamellae, reaction centres and antennae chlorophyll for light 
capturing. This stage is reached at the first plateau and is responsible for 
maximal PN values. Afterwards, further chlorophyll synthesis only serves to 
expand the amount of antennae chlorophyll, which only enhances light 
capturing but does not influence light conversion processes (DE GRE~.F 
personal communication). This is shown by the second, higher maximum in 
Fig. 4. This second maximum lies after the optimal photosynthesis leaf age. 
The values of the chlorophyll concentrations reported here are slightly higher 
than those obtained by DICKMA~ (1971b) on poplar. 

I t  may be concluded that the study of gas exchange processes and charac- 
teristics and of chlorophyll concentrations can be used in studying and 
understanding leaf ontogenesis and in determining the leaf age at which the 
leaves perform optimally, although small variation exists in the leaf age 
data, suggesting that the different parameters studied do not reach their 
optimum at exactly the same leaf age. Inversely, comparative studies of gas 
exchange processes and characteristics of leaves from different plant species 
and cultivars should be made with leaves of comparable relative morpho- 
logical, physiological and biochemical maturity. 
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