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Abstraet. Net COs exchange rates, stomatal and internal resistances for COs-transport were 
followed on fully expanded Witloof chicory leaves (Cichorium intybu8 L. cv. Foliosum) for several 
months during vegetative growth. Maximum net CO2 exchange rate (Pmax) stayed high with a 
sudden drastic drop at the end of the growing season largely due to an increase in internal dif- 
fusion resistance. 

During an analogous growth period the HsO vapour diffusion resistances of leaves for four 
selections were measured. The adaxial stomatal resistance was always higher than the abaxial 
one. Stomatal densities calculated for those selections showed highcr values at the abaxial leaf 
side. 

Wi t loof  chicory  is a b iennal  crop p lan t  which is l if ted a t  the  end of  the  
first grpwing season and  t hen  forced in the  da rk  to  p roduce  large e t io la ted  
heads,  known as chicons. Different  chicory  selections - -  a d a p t e d  to  different  
forcing periods - -  exis t  and  can be separa ted  b y  the  t ime when  the i r  roots  
can be l if ted in order  to  p roduce  commerc ia l ly  high qua l i ty  chicons. In  
prac t ice  selections can be classified in to  th ree  main  groups  name ly  ear ly ,  
i n t e rmed ia t e  and  late.  

For  Wi t loo f  p roduc t ion ,  especial ly wi th  ear ly  and  ve ry -ea r ly  selections, the  
degree of  m a t u r i t y  a t  the  m o m e n t  of  l ift ing the  roots  and  before s ta r t ing  the  
forcing is of  grea t  impor tance .  In  order  to  get  an idea of  the  degree of  ma tu -  
ra t ion ,  biochemical  approaches  have  a l ready  been used (RoGGEN 1976, JOLI- 
V~T and  FIALA 1981). 

The  m a t u r a t i o n  process i t se l f  can be acce lera ted  b y  vernal i sa t ion  tech-  
niques  for the  ha rve s t ed  roots  (LIPs 1979). A l though  this  is a l r eady  prac t i sed  
by  m a n y  farmers ,  research is to  be ' con t inued ,  because the  exac t  d e t e rm in a t i o n  
of  the  stage of  m a t u r i t y  and  of the  changes dur ing  verna] isa t ion still r emains  
difficult  (LIPs 1982). 

CO2 exchange  studies are c o m m o n l y  used to  describe p lan t  p r o d u c t i v i t y  
and /o r  pe r fo rmance  (CEULEMANS et al. 1980). Var ia t ions  in s toma ta l  n u m b e r  
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between single plants (HvNT and CIIRISTIE 1969), clones (CEULEMANS 1980), 
cultivars (ANDELIC et al. 1970, COLE and DOBI~ENZ 1970, MISKIN and RAS- 
MUSSO~r 1970, SAFRA et al. 1975) and species (TEARE et al. 1971, SI~EARMAN and 
BEARD 1972) have been reported. Differences in leaf photosynthesis are 
widely discussed. 

The results presented here are part  of a project to evaluate if eventually 
the seasonal t rend in C02 exchange behaviour of chicory leaves in the field 
may  be used as an index for selection in terms of earliness and matur i ty  
period. 

MATERIAL AND METHODS 

The first year  (1979) a comparative s tudy of four Witloof chicory (Cicho- 
r ium intybus L. cv. Foliosum) selections: "Hanssens vroeg"; "Zoom";  "Vi-  
dena"  and "Hanssens laat"  -- obtained by mass selection, except the French 
hybrid "Zoom" -- was carried out at Steenhuffel (Belgium) on plants sown 
at the end of April and thinned at a density of about 25 plants/m2. 

After  four months, fully-expanded and heal thy leaves of plants chosen 
at random were measured. Stomatal  density was defined by counting 
stomata under a microscope using colorless nail polish replica (MEIDNER and 
MANSFIELD 1968): Abaxial and adaxial surface stomata counts were made 
on the base, middle and tip portion of the leaves. 

The stomatal resistance for H20 vapour t ransport  was measured weekly 
at saturating photon flux densities with an automatic porometer MKII  
(Delta-T Devices). Five plants were sampled at both leaf sides for each 
selection. 

In  1980 the s tudy was concentrated mainly on one selection, "Hanssens 
vroeg", sown at the same time, at the same place with the same plant density 
as in 1979. 

Leaf net  photosynthetic rates of that  early maturing selection were 
measured at weekly intervals in the field. 

Par t  of the leaf (20 cm 2) was enclosed in a ventilated plexiglass chamber 
(VERBAENEN 1980). Differences in C02-content between the incoming and 
outgoing air were measured with a portable, bat tery  operated differential 
infrared gas analyser (BINOS I, Leybold Heraeus). 

Assimilation chamber temperature was measured with a copper/constantan- 
thermocouple connected to a Comark electronic thermometer ,  and photo- 
synthetically active radiation (PAR) at the upper part  of the leaves was 
measured with a Lambda sensor in connection with a Li-18S quantum meter. 

For obtaining net  C02 exchange rates at different photon flux densities 
photon flux density (PFD) was reduced stepwise with cheese cloth. 

The internal resistance for COo. transport  was calculated according to 
HOLMGRE~r et al. (1965), using the electric analogue model. Boundary layer 
resistance to water vapour was determined using leaf model of blotting paper 
or empirical formulae dependent  upon leaf dimensions and wind speed. 
Stomatal  resistances (obtained by porometer) and boundary layer resistances 
to water vapour differences were converted to resistances to C02 transfer 
by  multiplying by the molecular diffusion ratios (MoNTmT~ 1973). 
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TABLE 1 
Mean stomatal resistances for H20 vapour transport  for the adaxial and abaxial leaf side (s cm-1). 
Means given with standard deviation are calculated from eight measuring periods throughout 
the season 

Selection 
Stomatal resistance 

adaxial abaxial 

Hanssens vroeg 3.70 ~ 0.52 3.11 • 0.42 

Zoom 3.73 -4- 0.67 2.87 =t= 0.43 

Videna 3.79 • 1.22 3.51 • 1.24 

Hanssens laat 3.74 =[_ 0.76 2.99 • 0.44 

Net CO2 exchange ra te -PFD curves were fitted using the method of least 
squares and the equation of a rectangular hyperbola: 

Y --~ a § b/(X ~- c) BLISS and JAMES (1966) . 

Mean resistances and mean C02 exchange rates were calculated under 
saturated photon flux density values being above 300 ~mol m =2 s -1 for 
s tomatal  resistances and above 1200 ~mol m =2 s -1 for internal resistances 
and C02 exchange rates. 

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

Table 1 shows mean stomatal  resistance for water vapour transport  cal- 
culated for all our data,  from 11 September to 8 November  1979, pooled. 
No statistical difference in stomatal  resistance is found between the selections 
although "Hanssens vroeg",  "Hanssens laat"  and "Zoom"  show a statistical 
significant higher stomatal  resistance for the adaxial side than for the 
abaxial side. 

This difference between the adaxial and abaxial  leaf surface can also be 
found when looking at stomatal  densities for the same selections as summar- 
ised in Table 2. Stomatal  density is significantly higher (except for "Hanssens 
vroeg") in the abaxial than in the adaxial epidermis. The higher s tomatal  
density at the abaxial leaf surface is generally found for most species, except  
for the Gramineae where there are more or less equal densities on both  
surfaces (PEMADASA 1979). Adaxial stomatal  density values are statistically 
(P ~ 0.05) higher for "Hanssens vroeg" and "Hanssens laat"  than for 
"Zoom" and "Videna".  

Some authors were able to separate differr cultivars or clones within one 
species on the basis of s tomatal  density: CEULEMANS (1980) observed dif- 
ferences in stomatal  density for several poplar clones in building an ecological 
passport  to predict productivi ty.  SArRA et al. (1975) determined differences in 
stomatal  number and size and their relationship with varying ploidy levels 
for different cultivars of triticale, wheat  and rye. We are able to separate 
the selections "Hanssens vroeg" and "Hanssens laat"  from the other selec- 
tions, "Zoom"  and "Videna",  bu t  we are not  able to suggest tha t  stomatal  
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TABLE 2 
Mean stomatal  densities (number of  s tomata/mm 2) given with standard deviation for both 
leaf sides, measured at 11 September 

Selection 
Stomatal density 

adax ial abaxial  

Hanssens vroeg 75.0 -4- 25.8 82.5 :{: 22.6 

Zoom 53.8 ~: 11.4 79.1 • 22.8 

Videna 58.1 -4- 14.9 87.3 :]: 30.3 

Hanssens laat 79.4 ~: 11.7 98.3 -V 18.2 

density measurements could serve as an aid in chicory maturity classification. 
Possibly the stomatal density differences found, reflect differences in origin 
of the selections. 

Fig. 1 shows some of the net C02 exchange rate -- PFD curves obtained 
during the vegetative growth season. For practical reasons only the adaxial 
side of mature leaves for the selection "Hanssens vroeg" was measured. 
There is a great difference between the curve from 15 October and the others. 
Asymptotic net CO2 exchange rate decreased from 500--540 ~g m-2 s-1 
(September) to 115 t~g m-2 s-Z (15 October). 

The relationship between net C02 exchange rate, adaxial stomatal and 
internal resistance for C02 transport is given in Fig. 2. At the beginning of 
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Fig. 1. Relationship between photon flux density and net COu exchange rate of Cichorium 
intybus L. measured at 26 August,  8 and 23 September and 15 October for the selection 
"Hanssens  vroeg". 
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October, net C02 exchange rate dropped suddenly while the internal resist- 
ance increased. The stomatal resistance increased only slightly, which means 
that  the decrease in Pmax may be caused mainly by a changed intracellular 
C02 transfer and/or carboxylation rate. 
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Fig. 2. Mean maximum CO2 exchange rate (Pmax), stomatal (rs) and internal (ri) resistance for  
CO~. The adaxial leaf side of chicory plants was examined during the vegetative growth of t h e  
s e l e c t i o n  "Hanssens vroeg"; vertical bars are 95% confidence intervals. 

Measurements on the later selection "Zoom" on 30 October gave the 
following results: a Pmax of 498 ~g C0~ m -2 s-X; a stomatal resistance of  
6.4 s em -1 and an internal resistance of 2.4 s cm-1, suggesting a difference in 
photosynthetic behaviour between those two selections. Differences in 
maximum net C02 exchange rate for soybean cultivars belonging to dif- 
ferent maturity groups were also found by GORDOZq et al. (1982). The dif- 
ferences in gas exchange behaviour between the early and late selection are 
possibly correlated with the root maturity stage since roots of  the selection 
"Hanssens vroeg" were ready for forcing while those of the selection "Zoom" 
were not according to practical production standards. 
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