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Abstract. The applicability of the microrolief (or reprint) method for s tomatal  aperture do. 
terminations was studied in middle-aged sugar beet leaves. 

I t  was found tha t  the picture of the central aperture (CA) of s tomata  on the reprints could be 
observecl only if their oiso:lial aperture (EA) was sufficiently wide. I f  the width of EA was small 
(about 1--3 ~), it was impossible to determine the width of CA by moans of the reprint method, 
in view of the proportional dimensions of the upper closing flaps. A lower concentration of the 
chlorophorm solution of methylmothaorylate usocl for taking reprints had a favourable influence 
on the amount of s tomata  whose width of central aperture was reproduced on the reprints. 

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

Quarttitative determination of stom.~tal aperture is a rather difficult matter.  
A great number of various methods exist for this purpose, but  when using 
any of them one must take into account a c~rtain error. The cause of these 
errors are specific with each method. In most cases we are able to measure 
the stom~tal apertures only in a sm~ll area of a leaf blade. The possibility 
of changes in the stom~tal response in the course of a methodical procedure is 
also a very important  question. 

The microrelief (or reprint) method (BUSCALmNI and P o ~ A c c I  1901) is 
often used for the determination of stomatal aperture. Among its advantages 
are its simplicity and sp~ed, and it is very easily applicable under field con- 
ditions. The success of this method depends on the quality of the reprints 
obtained, and on their correct microscopical evaluation. I f  we want to know 
the changes of stomatal apertures in terms of absolute values, the changes in 
the width of the central aperture have to be observed, because that  is the 
closest position in the stomatal pore in the majori ty of s tomata 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 s tomata in relative 
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values by meastwing 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 diffasibility of leaves. 

Material and Methods 

In  the experiments sugar beet plants (Beta vulgari8 ssp. esculenta SALISB. 
GffRKE var. altissima ROESSm, variety DobrovickA 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 m~de using a 5 per cent chloroform solution of methyl- 
mgthacrylate. 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 diffasibility of the leaves was determined by means of a porometer 
(a very simple modification, Fig. 1.). The porometric chamber was made of 
glass (inner diameter 10 ram) and was sealed to the leaf surface with a Leick 
seal (LErOK 1928). A mvrcury column (40 mm high) falling in a capillary tube 
(inner diamgter 2.52 mm) produced a constant sm~ll underpressure in the 
connected porometric chamber. The fall rate of this column was measured 

- - j  

Fig. 1. D iag ram of porometer .  1 - -  poromotr ie  chamber ,  2 - -  po lyure thane  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 diffasibility of leaves (in ~zl. sec -1 . cm -~) 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 (CATsK~ 
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 i 1~ C, 
relative air humidi ty  65 :L 5%, illumination 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 (ScHwE~- 
DENER 1881) the type of the stomatal apparatus is a modification of the 
Amaryllis-type. I t  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 III-ethanol solution). 

- - E S  
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Fig. 2. D i a g r a m  of  s t o m a t a l  a p p a r a t u s  in leaves  of  s u g a r  beet-  t r an sve r se  sec t ion a n d  ex t e rna l  
m o r p h o l o g y  of  g u a r d  cells. CA - -  cent ra l  aper ture ,  E A  - -  eisodial  ape r tu re ,  U C F -  uppe r  
closing f laps.  

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 observed. In this experiment the reprints were made with methyl- 
methacrylate solutions of different concentrations (Table 1), I f  the width 
of the EA was small (about 1--3 9), 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 s tomata in each width-class), in dependence on the width of eisodial aperture and on the 
concentration of the methylmethaerylate solution used for taking reprints 

Concentration of solution 
(%) 

5 
10 
15 

The width of eisodial aperture ([z) 

10 
0 
0 

53 
36 

2 

86 
65 
12 

91 
85 
26 

diffasibility 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 

~ooo I 

80C 

60O 

40G 

20C 

a f - I I L I I u I I [ ~ t 

8 9 10 71 12 73 14 15 16 17 18 19 20 

Fig. 3. The relation between diffusibility of leaves and the width of eisodial aperture in the 
course of a day (simultaneous measurements in three loaves). Abscissa: time (hours). 
Ordinate: diffusibility of leaves in ~l. see -1 .  cm-* (upper curves) and width of eisodial 
aperture in iz (lower curves). 

their wilting (Fig. 4). Diffusibility falls to zero if water saturation deficit 
of leaves reaches the value of 22 to 28 p~r cent. The width of EA also decreases 
at first, but  it increases part ly 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 stomata[ 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 re la t ion be tween  diffusibili ty of  leaves and  the  wid th  of  oisodial ape r tu re  dur ing  t h e  
writ ing of  de t ached  loaves (s imultaneous measu remen t s  in five loaves). 
Abscissa:  wa te r  sa tu ra t ion  deficit  in per  cent .  
Ordinate :  diffusibili ty of  leaves in ~l. see - I  . cm 2 (on the  right) ,  and  wid th  o f  eisodial 
aper tu re  in [z (on the  loft). 

reprints of CA. E3p~cially whenever the width of EA is small, it is practically 
imp~33ible to g~t the picture of CA on the reprint. 

WEgzL (1939) m ~  a rather d~tailed reexamination of the applicability 
of the reprint m~tho:l to stom~tal ap3rture study. He found that the application 
of this m~thod is p~ssible only with plants whose stomutal closing is achieved 
exclusively through the upper closing flaps, or if the movement of the flaps 
corresponds with the course of CA-changes. In such cases, however, it would be 
possible to determine the state of the stomata from the width of EH under one 
condition, i.e. that changes of this width run parallelly with changes in CA- 
width. This seems to b~ incorrect in some cases. The re-opening of EA of 
stomata with closed CA observed not only in reprints but also in directly 
microscop~d leaves could cause mistakes. This was a phenomenon noticed 
also by Sos~a~ovX (1965) in fodder cabbage leaves. 

The porom~ter used m~de it pgssible to determine reliably and speedily 
the diffasibility with a sufficiently high sensitivity even under fi~ld conditions. 
For measurements the upper leaf surface was chosen, off, ring a higher resistance 
than the lower surface in sugar beet. The resistance of the mesophyll is very 
small in this ease, for it contains a lot of intercellular spaces and a typicM 
palisade parenclwm~ is not diff3rentiated. It  may thus be assumed that the 
changes in diffasibility m~asured 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 st~edn6 star39ch listoch cukrovky byla studov~na pou~itolnost otiskov6 motody pro slodo- 
vAni otov~onosti prdduehh. 

Bylo zji~t6no, ~o ~i~ka st~edni skuliny je na otiscich zobrazona pouzo pH znaSn~ ~irok6m 
otov~eni eisodi&lniho otvoru (EO). Je-li jeho ~ffka malA (1--3 t~), noni me,no  vzlalodom ko znaSn6 
vyvinut3~m vn6j~im v~b6~khm zjistit otiskovou motodou w st~edni skuliny. V6t~i z~od6ni 
roztoku metylmetakryl~tu, pou~.it6ho ke zhotovovs otiskfi, mSlo pHzniv:~ vliv na zv#~oni pro- 
eonta prficlaodfi so z~eteln6 roprodukovanou ~if'kou st~odni skuliny. 

Paralelni slodov~ni gi~ky EO a difusibility listfi (m~en6 porometricky) b6hom dno ukazujo 
vcelku souhlasn6 zm6ny. PH vysychhni odHznut3~ch listfi poklesg jojich difusibilita a~, k nulov6 
hodnot6, kde trvale zfistgvA. EO se nejprve p~ivirs avkak pH vy~w vodnlm systostnim doficitu 
listh se op6t 6s rozovirA. 

~l. I'JIOCEP, BOTaHnqe('KH~I !JItCTIITyT q C A H ,  Bpno: HeKoTopbm npo6aeMb, npu npnMe- 
uennu MeTo~a oTne,aTroa ~laa nceae~loBanna OTUphITOCTn ycTbnqnofi mean.  - -  Biol. P lant .  
9 : 28--33,  i967. 

u nncTLeR caxapnofI cBeram 6uaa  nccJIe~IoBaHa BOaMOHs np~lMeHenH~ MeTo~a 
OTlleqawKCB JIJI~f Hc('JIe)lonannfl OTKpKITOCTH ycwbnqHOH IlteJIn. 

Buno ycwanon3IeHo, qTO mHpnHa Ilenwpa3n, no~l iIIeJlg naoSpaan3Iach ~a OTII~qaT~aX TOJ]bKO 
n c~y,me mnpoi~o oT~pUTOfi anao~maabnofi memi (~Ili). B cayqae He6cm, mofi mnpnHu 
( t - - 3  ~z) ~31fleTcfl ycTanonncnne m n p u u ~  IleHTpa31bnOH mean npn noMomn Merojla OTII0qaTROB 
HeBO3MO~m,]M. F3anHofi npnqnHOfi awon ney~ayn oua3a3iacb cTpyKTypa BHemnnx I~paeB 
yCTb~lII. Bo3~ee pa36tBJIeHHl~e pacTBopu MeWnJIMeWaKpHJIawa, npHMenneMoro /IIl~l ~t3rOTOB3Ie- 
H14~l o~neqawtccn, MMe.7IH 6narcnpnflTHOe ~nnnnne Ha tr oTneqawEoB ycwbm~ C qeTKO 
penpoaylmponaHHofi mnpnnofi  UenTpan~mofi mean.  

OanospeMennoe naMepenne m n p n n u  3IlI n ~ndp~pyanofi cnoco6HOCT~ anCTbeB (naMepenHofi 
nopoMeTpnqecun) B ~eqenue ~na noi~aa~naeT npu6ananTen~no o~nnar~onue naMenennn. 
IIocae oTpeaannn ~mcTbeB nounmaeTcu nx ~n~qSyanaa CHocoSHocT~ ~O nonff, r~Ie oua 
nocTonnno OcTaeTcu. DI~ cnaqana Tome naqnnaeT aa~punaTbca, no np~t 5oabmou no)Ino~ 
~eqbn~nTe ~ncT~en ella cnona OT~p~anaeTcn. 


