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Abstract. The applicability of the microrelief (or reprint) method for stomatal aperture de-
terminations was studied in middle-aged sugar beet leaves.

It was found that the picture of the central aperture (CA) of stomata on the reprints could be
observed only if their eisodial aperture (EA) was sufficiently wide. If the width of EA was small
(about 1—3 w), it was impossible to determine the width of CA by means of the reprint method,
in view of the proportional dimensions of the upper closing flaps. A lower concentration of the
chlorophorm solution of methylmetha-rylate used for taking reprints had a favourable influence
on the amount of stomata whose width of central aperture was reproduced on the reprints.

Simultaneous measurements of the EA-width and of the diffusibility of leaves (determined
porometrically) in the course of a day showed, on the whole, fairly corresponding changes.
During the wilting of detached leaves their diffusibility fell to zero, where it remained. The width
of EA also decreased at first, but at higher water deficits it partly again increased.

Quantitative determination of stomatal apsrture is a rather difficult matter.
A great numbar of various m>thods exist for this purpose, but when using
any of them one must taks into account a certain error. The cause of these
errors are spacific with each msthod. In most cases we are able to measure
the stomatal apartures only in a small area of a leaf blade. The possibility
of changss in the stomatal response in the course of a methodical procedure is
also a very important question.

The microrelief (or reprint) method (Buscarion: and Porracor 1901) is
often used for the determination of stomatal aperture. Among its advantages
are its simplicity and spzed, and it is very easily applicable under field con-
ditions. The success of this mathod depands on the quality of the reprints
obtained, and on their correct microscopical evaluation. If we want to know
the changes of stomatal apertures in terms of absolute values, the changes in
the width of the central apsrture have to be observed, because that is the
closest position in the stomatal pore in the majority of stomata types. Therefore
it is important to obtain the picture of the central aperture on the reprint
and to measure its width. One could estimate the state of stomata in relative
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values by measuring eisodial aperture width or widening of the stomatal
apparatus, but this is possible only if we know the relations of these proportions
to the width of the central aperture.

This work is a methodical contribution to the problem of the applicability
of the reprint method to determinations of stomatal aperture. Its purpose is
to find out whether the central aperture is always visible on the reprints, and
to describe the kind of relation between the width of the eisodial aperture and
the diffusibility of leaves.

Material and Methods

In the experiments sugar beet plants (Beta vulgaris ssp. esculenta SALISB.
GURKE var. altissima RoEssia, variety Dobrovickd C) cultivated under field
conditions were used. For the experiments middle-aged leaves were chosen.
The measurements were taken in the second half of August 1963, when the
plants were 90 to 100 days old.

The reprints were made using a 5 per cent chloroform solution of methyl-
methacrylate. They were stripped off from the leaves with the aid of trans-
parent adhesive tape (“Sellotape’). The minimum number of stomata measured
microscopically on each reprint was two hundred.

The diffusibility of the leaves was determined by means of a porometer
(a very simple modification, Fig. 1.). The porometric chamber was made of
glass (inner diamster 10 mm) and was sealed to the leaf surface with a Leick
seal (LEICK 1928). A msrcury column (40 mm high) falling in a capillary tube
(inner diamster 2-52 mm) produced a constant small underpressure in the
connected porometric chamber. The fall rate of this column was measured

Fig. 1. Diagram of porometer. 1 — porometric chamber, 2 — polyurethane foam, 3 — capillary
tube, 4 ~— mercury column, 5 — compressed rubber ball, 6,7 — safety tanks, 8 — spring
clamp.
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and from it the diffusibility of leaves (in pl. sec™!.cm~2) was calculated.
The porometric chamber was sealed to the leaves only during the time of
measurement, i.e. not longer than half a minute.

The determinations using both the reprint and porometric methods were
carried out on the upper surfaces of leaves.

Experiments with detached leaves were arranged in the following way:
The water-saturation deficit was determined by the leaf-disk method (CaTskY
1960) and the initial measurements (reprints, porometer) were taken in selected
leaves. Immediately afterwards the leaves were cut off, weighed and put in
a little glasshouse under nearly constant conditions (air temperature 24 4- 1° C,
relative air humidity 65 4- 59}, illamination 25 klx.). At 10-minute intervals
the leaves were weighed, measured porometrically and reprints were taken.
These measurements were carried out in the middle zone of leaf blades.

Results

The anatomy and external morphology of the stomatal apparatus in sugar
beet leaves are shown in Fig. 2. According to the clasical classification (SCHWEN-
DENER 1881) the type of the stomatal apparatus is a modification of the
Amaryllis-type. It is remarkable that this modification appears in many
other dicotyledonous plants. The size and shape of the upper closing flaps
(or upper borders) are of great importance for the applicability of the reprints
method. They are highly cutinized and can be observed in a transverse section
only after the staining of cuticula (e.g. by Sudan ITI-ethanol solution).

Fig. 2. Diagram of stomatal apparatus in leaves of sugar beet- transverse section and external
morphology of guard cells. CA — central aperture, EA - eisodial aperture, UCF — upper
closing flaps.

Stomatal reprints with the eisodial aperture (EA) of different width were
evaluated, in order to find out whether and to what extent the central aperture
(CA) can be obssrved. In this experiment the reprints were made with methyl-
methacrylate solutions of different concentrations (Table 1). If the width
of the EA was small (about 1—3 p.), reprints without any pictures of CA were
obtained in most cases. Lower concentrations of the solution had a favourable
influence on the occurrence of CA- pictures in the reprints.

In further experiments the relationsship between the width of EA and the
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Table 1.

The occurrence of the pictures of central apertures on the reprints (as percentage to the number
of all stomata in each width-class), in dependence on the width of eisodial aperture and on the
concentration of the methylmethacrylate solution used for taking reprints

Concentration of solution The width of eisodial aperture ()
(%) 1 | 2 | 3 | & | 5 | 6
5 0 { 2 10 l 53 86 91
10 0 0 0 36 65 85
15 } 0 0 ] 2 ’ 12 26

diffusibility of leaves was measured. Fig. 3 shows results of determinations
carried out in the course of a day in plants in situ.
The same measurements were taken in the leaves after detaching and during
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Fig. 3. The relation between diffusibility of leaves and the width of eisodial aperture in the
eourse of a day (simultaneous measurements in three leaves). Abscissa: time (hours).
Ordinate: diffusibility of leaves in pul. sec ~1. em~2 (upper curves) and width of eisodial
aperture in p (lower curves).

their wilting (Fig. 4). Diffusibility falls to zero if water saturation deficit
of leaves reaches the value of 22 to 28 per cent. The width of EA also decreases
at first, but it increases partly again at higher water saturation deficits.

Discussion

The reprint method is very useful for obtaining a perfect picture of the leaf
surface studied. The reprints can be made quickly and simply, and remain as
permanent records. In studies of leaf epidermis we can use this method for
determining the number and area of epidermal cells. The use of the reprint
method in measurements of stomatal aperture is rather limited. In many cases
the upper closing flaps of the guard cells are a great obstacle in obtaining the
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Fig. 4. The relation between diffusibility of leaves and the width of eisodial aperture during the
wilting of detached leaves (simultaneous measurements in five leaves).
Abscissa: water saturation deficit in per cent.
Ordinate: diffusibility of leaves in ul. sec™!.cm? (on the right), and width of eisodial
aperture in y (on the left).

reprints of CA. Espacially whenever the width of EA is small, it is practically
imposzible to g3t the picture of CA on the reprint.

WenNzL (1939) made a rather dstailed reexamination of the applicability
ofthe reprint m3thod to stomatal apzrture study. He found that the application
of this m>thod is possible only with plants whose stomatal closing is achieved
exclusively through the upper closing flaps, or if the movement of the flaps
corresponds with the course of CA-changss. In such cases, however, it would be
possible to determine the state of the stomata from the width of EA under one
condition, i.e. that changes of this width run parallelly with changes in CA-
width. This seems to be incorrect in some cases. The re-opening of EA of
stomata with closed CA observed not only in reprints but also in directly
microscopzd leaves could cause mistakes. This was a phenomenon noticed
also by SorarovA (1965) in fodder cabbage leaves.

The poromster used made it possible to determine reliably and speedily
the diffusibility with a sufficiently high sensitivity even under fi2ld conditions.
For measurements the upper leaf surface was chosen, offzring a higher resistance
than the lower surface in sugar beet. The resistance of the mesophyll is very
small in this case, for it contains a lot of intercellular spaces and a typical
palisade parenchyma is not diffsrentiated. It may thus be assumed that the
changes in diffusibility msasured in the way described above were mostly
determined by the changes of CA-width of stomata in the upper surface of the
leaf.
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Na stiedné starych listech cukrovky byla studovéna poutzitelnost otiskové metody pro sledo-
vani otevienosti priduchi.

Bylo zjisténo, e sifka stfedni skuliny je na otiscich zobrazena pouze pfi znatnd Sirokém
otevieni eisodidlniho otvoru (EO). Je-l jeho §itka mala (1—3 @), neni moZno vzhledem ke znadné
vyvinutym vngj$im vybézkam zjistit otiskovou metodou 3ifku stfedni skuliny. Vétdi zfedéni
roztoku metylmetakrylatu, pouzitého ke zhotovovani otiskt, mélo pfiznivy vliv na zvy$eni pro-
conta priichod se zietelnsd reprodukovanou sitkou stfedni skuliny.

Paralelni sledovéani $itky EO a difusibility listt (méfené porometricky) béhem dne ukazuje
veelku souhlasné zmény. Pti vysychéni odfiznutych listh poklesa jejich difusibilita aZ k nulové
hodnots, kde trvale ziistdva. EO se nejprve pfivira, aviak pii vyssim vodnim systostnim deficitu
listl se opét Castetnd rozevird.

fl. I'nocep, Boraunueckuit naeruryr YCAH, Bpro: HekoTopsle mpoGreMer npn mpume-
HEeHHI MeTOAA OTIEeYaTKOB [JIA UCCJACOBAHMA OTKPHITOCTH YCTbH4HOIt mean. — Biol. Plant.
9 : 28-—-33, 1967.

Y amctheB caxapHO#l cBewJIR OnuIa HcclleflOBAHA BO3MOMKHOCTL INPHMCHEHHSA Meroja
OTHEYATKCB Jyisi UCCJIENOBARHA OTKPHTOCTH YCTbHYHOH IIeJH.

Bbislo ycTanosiIeHo, UTO IMHPHHEA NeHTPaIbLHOM menn n306pasuiach Ha OTICIATKAX TOJBKO
B ciyvae wWHpoKo oTxphTofi smsommanmsroii mean (3M). B cryuae meGenpuroli mmpuHml
(1—3 ) sBN"ETCA YCTAHORBJICHNE INMPHUHEI LeHTPAJIbHOM HIeJTM IPY TTIOMOIIA METO/1a GTICYATROR
HEeBO3MOKHLIM. ['7aBHOH npmdmHOM 5TOM HeyJaunm OKasajlach CTPYKTypPa BHENIHMX Kpacw
yersnn. Bosee pasGaBiieHnnle pacTBOPH METHIMETaKPAJIATA, IIPUMEHACMOTO YIS M3LOTOBJIC-
HY A OTHEYATKCB, UMeH OJarc NPUATHOE BAMAHNE HA KOJITIECTBO OTHEYATKOB YCTBUI[ ¢ YeTKO
penpoaynupOBaHHON MAPAHOM HCHTPAJLHOM mesIH.

Onuospemennoe namepenue mnpunnl 11 u auddysHoi cnocobnocTH JMCTHEB (M3MePEHHOM
NOPOMETPHUYCCKH) B TedeHMe [HA IIOKA3LIBAET NPUONM3HTENLHO ONMHAKOBHIE HM3MEHEHHA.
Ilocsie oTpesands JIMCTHEB NOHIDKACTCA MX HuddysHaa crocoOHoCTs A0 HOMA, rie OHA
nocrosuao ocraercd. Il cHavana To)e HaYMHAET 8AKPHIBATBCHA, HO OPM GOJIBLIOM BOTHOM
nefunmTe JIMCTHEB OHA CHOBA OTKpHIBaeTCA.



